AO  - A  1 22  819  A  TOTAL  COST  ANALYSIS  OF  USING  SURFACE  TRANSPORTATION  1/3 

AND  ADDITIONAL  INVE..(U)  AIR  FORCE  INST  OF  TECH 
WRIGHT-PATTERSON  AFB  OH  SCHOOL  OF  SYST . . 

UNCLASSIFIED  E  L  DAVIS  ET  AL.  SEP  82  AFITLSSR-84-82  F/G  14/1  NL 


A  TOTAL  COST  ANALYSIS  OF  USING  SURFACE 
TRANSPORTATION  AND  ADDITIONAL 
INVENTORY  VERSUS  AIR  TRANSPORTATION 
TO  SUPPORT  C- 130-7  ENGINE 
DEMAND  IN  EUROPE 

Ernest  L.  Davis,  Captain,  USAF 
William  Simmons,  Captain,  USAF 


LSSR  84-82 


The  contents  of  the  document  are  technically  accurate,  and 
no  sensitive  items,  detrimental  ideas,  or  deleterious 
information  are  contained  therein.  Furthermore,  the  views 
expressed  in  the  document  are  those  of  the  author (3)  and  do 
not  necessarily  reflect  the  views  of  the  School  of  Systems 
and  Logistics,  the  Air  University,  the  Air  Training  Command, 
the  United  States  Air  Force,  or  the  Department  of  Defense. 


AFIT  Control  Humber  LSSR  84-82 


AFIT  RESEARCH  ASSESSMENT 

The  purpose  of  this  questionnaire  is  to  determine  the  potential  for  current 
and  future  applications  of  AFIT  thesis  research.  Please  return  completed 
questionnaires  to:  AFIT/LSH,  Wright-Patterson  AFB,  Ohio  45433. 

1.  Did  this  research  contribute  to  a  current  Air  Force  project? 

a.  Yes  b.  No 

2.  Do  you  believe  this  research  topic  is  significant  enough  that  it  would 
have  been  researched  (or  contracted)  by  your  organization  or  another  agency 
if  AFIT  had  not  researched  it? 

a.  Yes  b.  No 

3.  The  benefits  of  AFIT  research  can  often  be  expressed  by  the  equivalent 
value  that  your  agency  received  by  virtue  of  AFIT  performing  the  research. 
Can  you  estimate  what  this  research  would  have  cost  if  it  had  been 
accomplished  under  contract  or  if  it  had  been  done  in-house  in  terms  of 
manpower  and/or  dollars? 

a.  Man-years  _  $  (Contract) . 

b.  Man-years  _  $  _  (In-house). 

4.  Often  it  is  not  possible  to  attach  equivalent  dollar  values  to  research, 
although  the  results  of  the  research  may,  in  fact,  be  Important.  Whether 
or  not  you  were  able  to  establish  an  equivalent  value  for  this  research 

(3  above) ,  what  is  your  estimate  of  its  Significance? 

a.  Highly  b.  Significant  c.  Slightly  d.  Of  No 

Significant  Significant  Significance 

f 

5.  Comments: 


Name  and  Grade 


Position 


Organization 


Location 


FOLD  DOWN  ON  OUTSIDE 


SEAL  WITH  TAPE 


AFIT 1  LSH 

AHICMT-MmUM  An  OH  AMU 

OFFICIAL  HI  stun* 
'INALTY  ro*  PHY  ATI  UH.  IMS 


BUSINESS  REPLY  MAIL 

FIBST  CUM  FOMIT  HO.  mil  WAMIMTOH  O.C. 
FOSTAOf  WIU  M  FAIO  »Y  AOOMUH 

AFIT/DAA 

W right- Patteraon  AFB  OH  45433 


FOLD  IN 


It] 


SECURITY  CLASSIFICATION  of  THIS  PAGE  (Whan  Dma  Bntarod) 


REPORT  DOCUMENTATION  PAGE 


.  REPORT  NUMBER 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


S.  RECIPIENT'S  CATALOG  NUMBER 


«.  TIT1.«  TOTAL  COST  ANALYSIS  OP  USING 

SURFACE  TRANSPORTATION  AND  ADDITIONAL  INVEh 
TORY  VERSUS  AIR  TRANSPORTATION  TO  SUPPORT 
C- 130-7  ENGINE  DEMAND  IN  EUROPE 


7.  author^; 

Ernest  L.  Davis,  Captain,  USAF 
William  Simmons,  Captain,  USAF 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

School  of  Systems  and  Logistics 

Air  Force  Institute  of  Technology,  WPAFB  OP 


1 1.  CONTROLLING  Office  NAME  ANO  ADDRESS 

Department  of  Communication  and  Humanities 
AFIT/LSH,  WPAFB  OH  45433 


S.  TYPE  OF  REPORT  ft  PERIOD  COVEREO 


Master's  Thesis 


ft.  PERFORMING  ORG.  REPORT  NUMBER 


ft.  CONTRACT  OR  GRANT  NUMBER*^ 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  ft  WORK  UNIT  NUMBERS 


12.  REPORT  OATE 

September  1982 


IS.  NUMBER  OF  PAGES 


I 


MONITORING  AGENCY  NAME  ft  AODRESSflf  dllfarant  from  Controlling  Otlleo)  18.  SECURITY  CLASS,  (ol  thla  roport) 

UNCLASSIFIED 


IS*.  DECLASSIFICATION/ OOWNGRAOING 
SCHEDULE 


tft.  DISTRIBUTION  STATEMENT  (ot  thla  Roport) 


Approved  for  public  release;  distribution  unlimited 


00  1  JAN *71  1473  COITION  Of  »  NOV  •«  IS  OOSOLETt 


UNCLASSIFIED 

SECURITY  CLASSIFICATION  or  THIS  NAOC  fWi»n  D«« 


SECURITY  CLASSIFICATION  or  This  FAOE<Tm«»  Dmtm  tnund) 


DOD  cost  estimates  for  transportation  sire  expected  to  increase 
considerably  faster  than  the  estimated  rate  of  inflation. 
Because  of  the  expected  transportation  cost  increases,  the 
need  for  more  economical  means  of  moving  cargo  overseas  is  of 
increasing  importance.  This  research  explores  the  possibility 
of  increasing  inventory  assets  and  using  surface  transportation 
modes  to  move  cargo  in  bulk  as  opposed  to  moving  single  items 
by  air.  A  total  cost  model  was  developed' to  be  used  as  a 
guide  in  determining  the  cost  trade-off  in  comparing  the  sur¬ 
face  mode  with  increased  inventory  versus  air  transportation. 
This  model  was  then  applied  to  the  movement  of  C- 130-7  aircraft 
engines  from  Kelly  AFB,  Texas  to  Rhein  Main  AB,  Germany.  The 
analysis  revealed  that  under  expected  forecasts,  more  than  half 
the  cost  of  moving  the  engines  by  air  could  be  saved  by  chang¬ 
ing  to  surface  modes  and  adding  pipeline  inventory  which  pro¬ 
vides  additional  assets  that  could  prove  to  be  very  critical 
during  wartime.  Thus,  the  authors  concluded  that  DOD  could 
realize  considerable  savings  in  transportation  costs  by  build¬ 
ing  an  inventory  and  using  more  surface  transportation  for 
overseas  cargo  movement. 


'  J5 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  this  RAOEfWh«n  Dmm  Entmtf) 


LSSR  84-82 


A  TOTAL  COST  ANALYSIS  OF  USING  SURFACE  TRANSPORTATION 
AND  ADDITIONAL  INVENTORY  VERSUS  AIR  TRANSPORTATION 
TO  SUPPORT  C- 130-7  ENGINE  DEMAND  IN  EUROPE 


A  Thesis 

Presented  to  the  Faculty  of  the  School  of  Systems  and  Logistics 
of  the  Air  Force  Institute  of  Technology 
Air  University 

In  Partial  Fulfillment  of  the  Requirements  for  the 
Degree  of  Master  of  Science  in  Logistics  Management 


By 

Ernest  L.  Davis, B.S.  William  Simmons, B.S. 

Captain,  USAF  Captain,  USAF 


September  1982 


Approved  for  public  release; 
distribution  unlimited 


This  thesis,  written  by 

Captain  Ernest  L.  Davis 
and 

Captain  William  Simmons 

has  been  accepted  by  the  undersigned  on  behalf  of  the  fa 
of  the  School  of  Systems  and  Logistics  in  partial  fulfil 
of  the  requirements  for  the  degree  of 

MASTER  OF  SCIENCE  IN  LOGISTICS  MANAGEMENT 

DATE:  29  September  1982 


COMMITTEE  CHAIRMAN 


ACKNOWLEDGMENTS 


We  wish  to  express  our  sincere  appreciation  to  our 
faculty  advisor  Major  Thomas  C.  Harrington  for  his  guidance 
and  direction  in  the  preparation  and  final  completion  of 
this  thesis.  His  expertise,  constructive  comments,  and 
encouragement  aided  immeasurably  in  the  direction  and  organ¬ 
ization  of  the  research  documentation  effort. 

Grateful  appreciation  is  extended  to  Mr.  Barry  J. 
Boettcher,  Ms.  Debbie  Thomas  and  the  personnel  of  the  AFIT 
Library  staff,  who  provided  their  assistance  in  the  comple¬ 
tion  of  this  study. 

In  addition,  we  owe  many  thanks  to  the  Faculty  and 
Staff  of  the  School  of  Systems  and  Logistics,  Air  Force 
Institute  of  Technology,  and  our  classmates  without  whose 
suggestions,  support,  and  sharing  of  lessons  learned,  this 
effort  would  be  less  meaningful. 

Finally,  we  wish  to  thank  our  wives  Brenda  and 
Shannon,  and  our  children  who  endured  our  trials  and  tribu¬ 
lations  with  less  static  to  us  than  we  probably  deserved. 


Ill 


TABLE  OP  CONTENTS 


Page 

ACKNOWLEDGMENTS  .  ill 

LIST  OF  TABLES . vii 

LIST  OF  FIGURES . . 

CHAPTER 

I.  BACKGROUND . 1 

Problem  Statement  .  2 

Research  Objectives  .  2 

Scope . 3 

Assumptions . it 

Limitations  .  5 

Research  Question  .  6 

Justification  .  7 

Literature  Review  .  8 

Introduction  .  .  8 

Overview . 10 

Containerization  .  12 

Air  Transportation . 15 

Sea  Versus  Air  Transportation . 16 

Modal  Choice  and  Routing . 17 

Break-Even  Analysis  .  18 

Total  Cost  Concept . 18 

Inventory  Carrying  Cost  .  20 

iv 


Page 


Calculating  Inventory  Carrying  lest  .  .  21 

Capital  Costs  .  21 

Inventory  Service  Costs  .  22 

Storage  Space  Cost . 22 

Summary . 23 

II.  METHODOLOGY . 2  4 

Introduction  .  24 

Research  Model  .  25 

Fixed  Costs  (PC) . 25 

Variable  Costs  (VC) . 2c 

Inventory  Carrying  Costs  (CC)  .  26 

Total  Costs . 26 

Data  Requirements . 27 

Data  Collection . 29 

Total  Cost  Model  Development . 30 

Transportation  Costs  .  31 

Acquisition  Cost . 31 

Salvage  Value  .  32 

Inventory  Carrying  Cost  .  32 


Inventory  and  Customer  Service  Level  .  .  33 

Intransit  Delivery  Time  Criteria  ....  34 


Total  Cost  Computation . 35 

Total  Cost  Model  Validation . 37 

Break-Even  Analysis  .  38 

Sensitivity  Analysis  .  40 


v 


Summary . A 1 

III.  .MODEL  MANIPULATION  AND  RESULTS .  '42 

Introduction  .  ^2 

Data  Analysis . A3 

Transportation  losts  .  52 

Acquisition  Costs  .  60 

Inventory  Carrying  Cost  .  61 

Total  Cost  Models . 62 

Break-Even  Analysis  .  6 2 

Sensitivity  Analysis  of  the  Results  ....  67 

Changes  in  Demand . 67 

Changes  in  Rates . 8? 

Changes  in  Surface  Routing  Structure  .  .  87 

Break-Bulk  Surface  Movement  .  103 

Summary  of  Results . 103 

IV.  CONCLUSIONS  AND  RECOMMENDATIONS  .......  117 

Introduction  .  117 

Recommendations  for  Further  Study  .  121 

Conclusion . 123 

BIBLIOGRAPHY  .  125 

A.  REFERENCES  CITED . 126 

3.  RELATED  SOURCES . 129 


LIST  OP  TABLES 


Table  Page 

3-1  Data  Parameters .  44 

3-2  Air  Transportation  System:  Kelly  -*■ 

Tinker  -*■  Rhein-Main .  59 

3-3  Surface  Transportation  System 

Total  Cost:  20  Foot  Container 
Routing:  Kelly  -*•  New  Orleans  -+  Rotterdam  -*■ 

Rhein-Main 

Demand:  52  Engines  Per  Year .  63 

3-4  Surface  Transportation  System 

Total  Cost:  40  Foot  Container  System 
Routing:  Kelly  New  Orleans  -►  Rotterdam  -*■ 

Rhein-Main 

Demand:  52  Engines  Per  Year .  64 

3-5  Air  Transportation  System 

Routing:  Kelly  Tinker  •+■  Rhein-Main 

Demand:  48  Engines  Per  Year .  31 

Demand:  53  Engines  Per  Year .  82 

3-6  Surface  Transportation  System 

Total  Cost:  20  Foot  Container  System 
Routing:  Kelly  -*•  New  Orleans  -*•  Rotterdam  -► 

Rhein-Main 

Demand:  48  Engines  Per  Year .  83 

Demand:  58  Engines  Per  Year .  84 

3-7  Surface  Transportation  System 

Total  Cost:  40  Foot  Container  System 
Routing:  Kelly  -*■  New  Orleans  Rotterdam  -*■ 

Rhein-Main 

Demand:  58  Engines  Per  Year .  85 

Demand:  48  Engines  Per  Year .  86 

3-8  Air  Transportation  System 

Total  Cost:  20  Percent  Increase  In 
Transportation  Rates 
Routing:  Kelly  -*■  Tinker  -*■  Rhein-Main 

Demand:  52  Engines  Per  Year .  88 

Total  Cost:  8  Percent  Increase  in 

Transportation  Rates  .  89 


vli 


Table 


Page 


3-9  Surface  Transportation  System 

Total  Cost:  20  Foot  Container;  20  Percent 
Increase  in  Transportation  Rates 
Routing:  Kelly  -*■  New  Orleans  -*•  Rotterdam  -*■ 


Rhein-Main 

Demand:  52  Engines  Per  Year . 90 

Demand:  8  Percent  Increase  in 

Transportation  Rates  .  91 


3-10  Surface  Transportation  System 

Total  Cost:  40  Foot  Container;  20  Percent 
Increase  in  Transportation  Rates 
Routing:  Kelly  -*•  New  Orleans  -*■  Rotterdam  -*• 


Rhein-Main 

Demand:  52  Engines  Per  Year . 92 

Total  Cost:  8  Percent  Increase  in 

Transportation  Rates  .  93 


3-11  Surface  Transportation  System 

Total  Cost:  20  Foot  Container 

Routing:  Kelly  -*•  Galveston  -*>  Rotterdam  -*• 


Rhein-Main 

Demand:  52  Engines  Per  Year . 95 

Total  Cost:  40  Foot  Container . 96 


3-12  Surface  Transportation  System 

Total  Cost:  20  Foot  Container 

Routing:  Kelly  Charleston  -*•  Rotterdam  -*• 


Rhein-Main 

Demand:  52  Engines  Per  Year . 97 

Total  Cost:  40  Foot  Container . 8 


3-13  Surface  Transportation  System 

Total  Cost:  20  Foot  Container 

Routing:  Kelly  -*•  New  Orleans  -►  Bremenhaven  -► 


Rhein-Main 

Demand:  52  Engines  Per  Year . 99 

Total  Cost:  40  Foot  Container  .......  100 


3-14  Surface  Transportation  System 

Total  Cost:  20  Foot  Container 

Routing:  Kelly  ->•  Charleston  -*■  Bremerhaven  -► 


Rhein-Main 

Demand:  52  Engines  Per  Year . 101 

Total  Cost:  40  Foot  Container . 102 


viil 


Table 


?  are 

3-15  Surface  Transportation  System 

Total  Cost:  20  Foot  Container 
Routing:  Kelly  Galveston  Bremerhaven  ■* 

Rhein-Main 

Demand:  52  Engines  Per  Year . 104 

Total  Cost:  40  Foot  Container . 1C5 


3-16  Surface  Transportation  System 
Total  Cost:  Break  Bulk 

Routing:  Kelly  -*•  Galveston  -*■  Bremerhaven  -*■ 

Rhein-Main . 10S 

Routing:  Kelly  •+  Galveston  -»  Rotterdam  -*• 

Rhein-Main . 109 

3-17  Surface  Transportation  System 
Total  Cost:  Break  Bulk 

Routing:  Kelly  -*•  Mew  Orleans  -*•  Bremerhaven  -* 

Rhein-Main . 110 

Routing:  Kelly  -*•  New  Orleans  -*■  Rotterdam  ■* 

Rhein-Main .  Ill 


3-18  Surface  Transportation  System 
Total  Cost:  Break  Bulk 

Routing:  Kelly  -*•  Charleston  Rotterdam  -+• 

Rhein-Main . 112 

Routing:  Kelly  -*  Charleston  -*■  Bremerhaven  ■+ 


Rhein-Main . 113 

3- 19  Break  Bui.:  vs  Containers . 114 

4- 1  Summary  of  TotaT  Cost  by  System . 118 


ix 


LIST  OF  FIGURES 


Figure  Page 

2-1  Standard  Delivery  Dates  .  36 

2- 2  Break-Even  Analysis  Chart  .  39 

3- 1  Current  System:  Air  Transportation  .  16 

3-2  Proposed  System:  Intermodal  Surface 

Transportation  .  50 

3-3  Proposed  System:  Intermodal  Surface 

Transportation  .  53 

3-4  Air  Transportation  Costs . 56 


3-5  20'  Container  Surface  Transportation  Routes  .  .  5 6 
3-6  40'  Container  Surface  Transportation  Routes  .  .  57 


3-7  Break-Bulk  Surface  Routes  .  57 

3-8  20'  Container  and  Current  System  Break- 

Even  Analysis . .  .  66 

3-9  40'  Container  and  Current  System  Break- 

Even  Analysis . 68 


3-10  Proposed  System:  Surface  Transportation  ...  69 
3-11  Proposed  System:  Surface  Transportation  ...  72 
3-12  Proposed  System:  Surface  Transportation  ...  75 
3-13  Proposed  System:  Surface  Transportation  ...  78 
3-14  Proposed  System:  Surface  Transportation 


System  (Break-Bulk)  .  106 

4-1  Distribution  System  Cost  Relationships . 124 

4-2  Distribution  System  Cost  Relationships . 124 


x 


CHAPTER  I 


BACKGROUND 

Transportation  systems  provide  utility  value  to 
resources  by  moving  the  right  thing  to  the  right  place  at 
the  right  time.  Therefore,  defense  transportation  systems, 
as  a  major  element  in  the  Air  Force  logistics  system,  pro¬ 
vide  the  vital  link  between  procurement,  supply,  maintenance 
and  user  activities  (18:87). 

Transportation  managers  look  to  the  future  with  some 
concern  because  the  cost  of  procuring  transportation  to 
provide  the  resource  utility  is  projected  to  increase  faster 
than  the  rate  of  inflation.  Specifically,  the  price  of  fuel 
is  projected  to  increase  approximately  14  percent  per  year 
through  1990,  while  the  annual  rate  of  inflation  is  estimated 
to  be  8  percent  through  the  same  year  (25).  Since  fuel  is  a 
major  driver  in  the  cost  of  transportation,  fuel  price  esca¬ 
lation  could  result  in  a  similar  increase  in  the  cost  of 
transportation.  At  the  14  percent  annual  rate  of  increase, 
the  average  cost  of  moving  a  short  ton  of  freight  would  be 
$726  in  1990,  compared  to  $196  in  1980  (25). 

The  anticipated  rise  in  the  cost  of  transportation 
relative  to  the  rate  of  inflation  could  impact  the  logistics 
system  in  a  variety  of  ways.  For  example,  the  Air  Force 
logistics  system  frequently  relies  upon  premium  air 
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transportation  inodes  combined  with  little  or  no  inventory  to 
support  a  deployed  weapon  system.  As  premium  transportation 
costs  increase  relative  to  the  cost  of  inventory,  the  point 
may  be  reached  where  larger  inventories  coupled  with  volume 
surface  movements  may  be  less  costly  than  procurement  of 
premium  transportation,  especially  for  overseas  shipments. 

It  is  important  to  note  that  transportation  mode  selection 
decisions  cannot  be  made  in  isolation  of  inventory,  as  well 
as  other  distribution  element  decisions.  That  is,  to  provide 
the  same  level  of  customer  service,  expressed  in  item  avail¬ 
ability  terms.  Inventory  must  be  expanded  when  slow  transpor¬ 
tation  modes  are  used  in  lieu  of  premium  transportation. 

Problem  Statement 

A  total  distribution  cost  analysis  needs  to  be  per¬ 
formed  for  determining  the  appropriate  transportation  mode 
and  associated  inventory  strategy  in  support  of  selected 
deployed  weapon  systems.  The  trade-off  analysis  becomes 
more  critical  in  view  of  the  anticipated  increase  in  trans¬ 
portation  costs  relative  to  the  cost  of  inventory. 

Research  Objectives 

The  following  objectives  provided  the  guidance 
needed  to  compare  transportation  and  inventory  costs  asso¬ 
ciated  with  various  modes  and  inventory  strategies  in  order 
to  determine  the  most  economical  method  of  distribution  for 
deployed  weapon  systems. 
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1)  Identify  the  relevant  costs  of  transportation 
associated  with  the  air  and  surface  movement  of  DOD  cargo 
between  CONUS  and  overseas  locations. 

2)  Identify  the  relevant  costs  of  acquiring  and  stor¬ 
ing  additional  items  necessary  to  provide  an  established 
level  of  customer  service  when  surface  transportation  is 
used  in  lieu  of  premium  air  transportation. 

3)  Perform  a  trade-off  analysis  between  the  total 
transportation,  acquisition  and  inventory  costs  associated 
with  the  air  transportation/no  inventory  and  surface  trans¬ 
portation/inventory  strategies . 

Scope 

The  focus  of  this  thesis  involved  the  determination 
of  the  minimum  cost  distribution  system  for  C- 130-7  aircraft 
engines  deployed  in  support  of  the  two  C-130  aircraft  squad¬ 
rons  at  Rhein-Main  AB,  Germany. 

Currently,  C-130  engines  requiring  depot  maintenance 
are  shipped  by  air  from  Rhein-Main  AB,  Germany,  to  Kelly  Air 
Force  Base,  Texas.  Once  the  engines  are  repaired,  they  are 
returned  to  Rhein-Main  AB  by  air  transportation.  Each  year 
an  average  of  52  C-130-7  engines  are  moved  in  this  distribu¬ 
tion  system  (19). 

As  an  alternative  to  the  air  shipment  of  individual 
engines,  it  is  proposed  that  less  costly  surface  transporta¬ 
tion  modes  be  used  for  C-130  engines.  Both  break-bulk  and 
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containership  surface  modes  are  considered  for  movement  of 
the  engines  between  Europe  and  the  CONUS.  However,  in  order 
to  provide  the  same  level  of  customer  service  in  terms  of 
engine  availability,  an  inventory  of  additional  C-130  engines 
would  be  needed  when  the  slower  surface  modes  are  used.  This 
is  necessary  to  account  for  the  increase  in  the  transporta¬ 
tion  pipeline  time  associated  with  the  slower  methods  of 
transportation. 

The  objectives  of  this  research  were  then  applied  to 
the  study  of  these  alternative  ways  of  supporting  the  C-130 
engine  program  at  Rhein-Main  AB,  Germany. 

Assumptions 

Although  the  following  assumptions  will  be  general 
in  nature,  their  pertinence  provides  the  foundation  upon 
which  this  thesis  is  built. 

1)  The  Department  of  Defense  desires  to  minimize 
total  transportation  cost,  using  the  available  transporta¬ 
tion  modes. 

2)  Restrictions  will  be  placed  on  the  use  of  con¬ 
tainers  or  break-bulk  shipments  in  determining  the  most 
economical  method  of  shipment. 

3)  The  containers  used  in  transporting  DOD  cargo 
will  be  20  foot  or  40  foot,  depending  on  the  most  economical 
device  used  for  shipment. 

4)  This  research  specifies  a  time  limit  which  is 
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requirements.  Ideally,  station  location,  route  structure 
and  cargo  load  capacity  will  represent  variables  that  must 
be  included  in  the  formulation  of  the  optimal  system  struc¬ 
ture. 

3)  A  comparison  between  containerized  and  break-bulk 
shipments  will  be  made  in  determining  cost  optimization. 

The  determination  between  both  types  of  shipments  will 
involve  the  number  of  shipments  per  year,  the  number  of 
engines  to  be  shipped  at  any  one  time  and  the  tost  associate! 
with  such  shipments.  ' 

4)  The  criteria  involving  mode  selection  and  the 
type  of  Inventory  policy  used  will  be  the  determining  factors 
between  a  fast  mode  of  transportation  as  opposed  to  a  slower 
mode.  Cost/time  trade-offs  will  have  to  be  made  in  acquiring 
the  most  economical  cost  available. 

5)  This  study  will  focus  on  peace  time  requirements 
in  obtaining  the  necessary  quantity  of  C-130-7  engines  from 
Kelly  APB,  Texas,  to  Rhein-Main  AB,  Germany,  using  the  most 
economical  transportation  modes  available. 

Research  Question 

The  following  research  question  was  developed  to  pro¬ 
vide  direction  for  this  thesis:  At  what  point  in  time  does 
the  cost  of  premium  transportation  for  C-130-7  engines 
exceed  the  cost  of  surface  transportation  coupled  with  the 
required  additional  C-130  engine  Inventory?  ? 


6 


estimated  to  be  from  the  present  through  the  year  1996.  At 
the  end  of  this  particular  time  interval,  the  C-130  aircraft 
is  expected  to  be  replaced  by  the  C-17  or  the  C-XX  aircraft. 

The  critical  assumption  in  this  study  concerns  the 
cost  criteria  for  determining  the  most  economical  transpor¬ 
tation  modes.  The  assumption  is  based  n  the  concept  that 
the  Department  of  Defense  does,  in  fact,  intend  to  minimise 
transportation  costs.  With  excessive  fuel  and  transporta¬ 
tion  costs  steadily  on  the  rise,  a  more  economical  means  of 
transporting  DOD  cargo  must  be  consiiered. 

Brigadier  General  Powers,  Director  of  Transportation 
HQ  USA?,  has  stated  the  need  to  examine  transportation 
within  the  Air  Force  environment  (25).  It  is  anticipated 
that,  in  the  event  of  an  emergency,  the  requirements  for  men 
and  material  will  increase,  which  will  warrant  use  of  the 
most  economical  modes  availably. 

Limitations 

1)  The  total  cost  research  models  will  concentrate 
on  the  choice  between  air  and  surface  transportation  modes 

in  minimizing  transportation  costs  in  reference  to  the  trans¬ 
shipment  of  C- 130-7  engines  between  Kelly  Air  Force  Base, 
Texas,  and  Rhein-Main  Air  Base,  Germany. 

2)  The  research  models  will  be  used  to  assess  the 
most  economical  means  of  transporting  (deploying)  a  major 
weapon  system  to  an  overseas  location,  in  meeting  peace  time 
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Literature  Review 


Introduction 

The  first  part  of  this  section  discusses  the  major 
concerns  of  the  Department  of  Defense  in  finding  alternative 
ways  to  transport  cargo  from  CONUS  to  overseas  locations. 
Concern  will  be  laced  on  the  high  cost  of  fuels  as  it 
relates  to  total  transportation  costs  and  a  brief  discussion 
on  the  reasons  why  fuel  costs  are  steadily  increasing.  This 
section  will  also  respond  to  the  question:  "How  well  can 
the  U.S.  support  personnel  and  equipment,  in  overseas  areas 
while  maintaining  an  economical,  effective,  and  efficient 
transportation  network?" 

Improvements  in  transportation  facilities  will  also 
be  discussed  as  they  relate  to  development  of  optimal  mate¬ 
rial  handling  systems  to  meet  the  needs  of  DOD  customers. 

The  use  of  a  containerised  system  will  be  introduced  along 
with  the  advantages  it  has  over  break-bulk  movement.  In 
response  to  proven  cost  savings  associated  with  containeri¬ 
zation,  the  further  development  of  this  system  can  cut  costs 
as  well  as  improve  handling  across  the  various  modes  of 
transportation.  The  construction  of  the  container  and  the 
various  sizes  used,  in  accommodating  specific  size  shipments, 
will  play  an  important  factor  in  determining  an  optimal 
transportation  system. 

A  considerable  amount  of  cargo  is  transported  by  the 
airlift  mode  due  to  its  speed  and  the  benefit  it  provides 
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Justification 

While  cargo  movement  requirements  have  declined 
since  the  United  States  forces  left  Vietnam,  rising  trans¬ 
portation  costs  have  caused  the  SOD  to  spend  roughly  the 
same  amount  of  dollars  to  move  less  cargo.  This  being  the 
case,  the  U.S.  has  recognised  that  it  must  economize  on 
transportation  costs  at  every  possible  opportunity.  An 
emerging  area  of  concern  to  the  TOD  is  the  intermodality  or 
shipment  of  cargo  from  point  to  pcint  by  more  than  one  means 
of  transport,  in  hope  of  finding  the  most  optimal  means 
available.  The  advent  of  containers  and  the  emphasis  on 
fast,  economical,  through  movement  has  brought  to  the  fore¬ 
front  a  number  of  problems  only  dimly  foreseen  a  few  years 
ago.  The  excessive  increase  in  fuel  prices  and  transporta¬ 
tion  costs  has  forced  the  DOD  to  seek  these  more  economical 
means  of  transporting  cargo,  while  at  the  same  time,  main¬ 
taining  its  flexibility  and  responsiveness  to  all  DOD  users. 

The  Defense  Transportation  System  is  big  business 
which  is  effected  by  inflation,  the  high  cost  of  fuel  and 
the  changes  taking  place  in  the  ever  increasing  transporta¬ 
tion  industry.  It  is  imperative  that  DOD  keep  pace  with 
these  changes  to  ensure  that  they  will  be  able  to  respond  to 
all  necessary  requirements  in  meeting  transportation  needs 
anywhere  in  the  world  at  the  lowest  possible  cost  (12:220). 
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in  eliminating  the  need  for  acquiring  excessive  inventory. 
However,  the  presence  of  fuel  cost  increases  could  change 
this  pattern  considerably .  More  emphasis  may  have  to  be 
placed  on  limiting  the  use  of  air  transportation  in  exchange 
for  increased  inventory  at  various  supply  locations.  There¬ 
fore,  a  comparison  will  be  discussed  concern ' -ig  the  use  cf 
sea  versus  air  transportation  as  an  aid  in  reducing  total 
transportation  costs.  Air  transportation  will  always  be  a 
key  factor  in  commodity  movement;  but  ir.  combining  two  or 
more  surface  transport  modes,  it  may  be  possible  to  not  only 
produce  a  total  transportation,  acquisition  and  inventory 
cost  savings  with  increased  inventory  levels,  but  also 
decrease  ordering,  processing  ana  other  related  cost  ele¬ 
ments  . 

A  brief  discussion  on  break-even  analysis  will  be 
presented  as  it  relates  to  the  comparison  of  alternative 
distribution  systems.  In  this  research,  bre? c-even  analysis 
is  used  for  determining  at  what  point  in  time  the  costs  of 
one  system  used  to  satisfy  C- 130-7  engine  distribution  will 
be  less  than  another. 

Finally,  the  use  and  description  of  the  total  cost 
model  will  be  presented.  The  total  cost  model  is  made  up  of 
various  cost  components  which,  when  combined,  produce  an 
overall  system  cost.  The  components  of  this  model  are: 
the  inventory  carrying  cost  which  can  include  capital  cost, 
inventory  service  cost  and  storage  space  cost  elements; 
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transportation  costs;  and  item  acquisition  costs. 


Overview 

In  recent  years,  the  increase  in  cargo  movement  from 
various  locations  around  the  world,  coupled  with  substantial 
increases  in  transportation  fuel  cost,  have  forced  the 
Department  of  Defense  to  initiate  a  number  of  studies  in 
determining  more  economical  means  in  which  to  ship  different 
commodities  of  cargo  (25).  A  thorough  understanding  of  the 
transportation  system  is  a  prerequisite  to  successful  deci¬ 
sion  making,  which  involves  the  selection  of  a  transport 
mode  to  meet  a  movement  requirement.  To  assist  us  in  our 
understanding,  it  is  important  to  appreciate  the  impact  of 
the  high  cost  of  energy  on  the  transportation  system. 

Transportation  accounts  for  over  half  of  the  petro¬ 
leum  consumed  in  the  United  States.  Prior  to  the  1973-1979 
Arab  oil  embargo,  the  use  of  petroleum  by  the  transportation 
sector  has  been  rising  at  a  tremendous  rate  due  to  such 
things  as  increased  vehicle  miles  and  ton-miles  of  freight 
transportation  per  capita,  shifts  towards  more  energy  inten¬ 
sive  modes,  and  the  increased  use  of  petroleum  relative  to 
other  energy  sources  ( 16 : 169 ) - 

During  and  after  the  oil  embargo,  the  federal  gov¬ 
ernment  adopted  a  number  of  policies  to  conserve  fuel  in  the 
transportation  sector.  A  number  of  these  policies  were 
intended  to  increase  energy  efficiency  within  each  mode  of 


transportation,  such  as  motor  carriers  and  shipping.  Others 
were  intended  to  shift  transportation  demand  from  energy- 
intensive  to  energy  efficient  modes  (16:170).  Within  the 
defense  transportation  system,  the  use  of  energy  efficient 
modes  capable  of  moving  large  quantities  of  cargo  and  equip¬ 
ment  is  essential  during  wartime  operations. 

It  is  known  that  sustaining  logistics  is  a  necessary 
ingredient  for  winning  any  armed  conflict.  While  much  has 
been  said  and  done  about  the  need  to  rapidly  deploy  troops, 
equipment  and  supplies  to  troubled  spots  around  the  world, 
the  importance  of  keeping  them  resupplied,  once  they  are 
engaged  in  combat,  must  not  be  neglected.  Because  of  the 
rapid  response  dictated  by  wartime  planning  scenarios,  stra¬ 
tegic  airlift  is  essential  for  the  initial  deployment.  The 
United  States  Air  Force,  through  the  Military  Airlift  Com¬ 
mand  (MAC),  is  charged  with  this  responsibility.  However, 
when  it  comes  to  sustaining  large  military  operations,  air¬ 
lift  capabilities  become  overtaxed — not  only  from  a  stand¬ 
point  of  not  being  able  to  move  enough  supplies  on  a  contin¬ 
uous  basis,  but  also  from  the  standpoint  of  fuel  costs.  In 
this  case,  ocean  transportation  will  be  the  means  by  which 
the  heavy  logistic  Items  will  be  moved,  because  of  lower  fuel 
costs  and  Its  ability  to  move  large  amounts  of  cargo  at  any 
one  time  (24:45). 

Another  point  which  must  be  kept  in  mind,  with 
respect  to  transportation  costs.  Is  that  many  of  the  world’s 
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potential  trouble  spots  are  not  equipped  to  handle  the  off¬ 
loading  of  large  ships  at  a  rate  sufficient  enough  to  keep 
up  with  the  possible  demands.  Many  bottlenecks  will  occur 
if  transport  ships  are  tied  up  offshore  awaiting  off-loading. 
Not  only  will  this  hold  up  the  supply  line,  but  increased 
transportation  costs  will  be  incurred  due  to  the  use  of 
other  higher  cost  transport  modes  for  continuing  resupply 
and  the  payment  of  excessive  port  fees. 

To  eliminate  these  problems  and  assist  in  cutting 
transportation  costs,  major  improvements  in  port  facilities 
will  aid  in  the  ability  to  handle  the  bulk  of  freight  going 
to  these  countries  and  to  allow  for  increased  tonnage  move¬ 
ment  well  above  prescribed  present  day  levels  (9:17).  In 
summation,  the  Department  of  Defense  is  relying  on  a  highly 
developed  transportation  system,  incorporating  the  most 
modern  methods  in  ocean  shipping,  to  guarantee  American  per¬ 
sonnel  continued  support  in  the  most  economical  manner  (17: 
38). 

Containerization 

The  key  to  the  efficient  movement  of  military  sup¬ 
port  cargo  is  containerization,  which  is  a  freight  handling 
system  that  has  transformed  world  trade  in  the  short  space 
of  25  years.  Containerization  involves  standardized  freight 
handling  by  using  containers  that  are  adaptable  to  trucks, 
rail  and  ship  transportation  modes.  Containerization  has 
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enabled  the  United  States  Department  of  Defense  to  cut  trans 
portation,  loss  and  damage  costs,  as  well  as  save  time  In 
cargo  handling.  Today,  approximately  500  container  loads 
are  delivered  each  week  by  container  carriers,  like  Sea  Land 
to  the  continental  ports  of  Rotterdam,  the  Netherlands, 
Bremerhaven,  Germany,  and  Algeciras,  Spain  (17:41). 

The  National  Maritime  Day  1981  witnessed  an  era  when 
more  than  75  percent  of  the  world's  cargo  compatible  with 
containerized  transport  is  being  shipped  by  an  industry  that 
did  not  even  exist  a  quarter-century  ago.  It  saw  a  world 
containership  fleet,  that  today  numbers  close  to  1500  ves¬ 
sels,  and  a  world  container  inventory  in  excess  of  two  mil¬ 
lion  units,  tailored  to  carry  a  full  range  of  commodities  in 
international  commerce.  It  also  saw  countless  port  facili¬ 
ties  around  the  globe  dedicated  to  container  shipping  (7: 

12;  23:113). 

Containerization  can  also  be  looked  at  as  a  system 
that  is  aimed  at  introducing  continuity  Into  the  shipping 
process.  The  container  unit  is  a  receptacle  of  flexible 
covering  in  the  shape  of  a  large  parellelogram,  made  of 
steel,  an  alloy  or  plywood.  Its  size  is  standardized  at 
10,  20,  30  or  40  feet  in  length.  Two  containers  10  feet 
long  can  fit  into  a  20  foot  container  and  two  20  foot  con¬ 
tainers  can  fit  into  a  40  foot  container.  The  loads  are 
thus  adapted  to  ships,  railway  cars  or  trucks  and  to  the 
loading  equipment.  Although  It  is  not  necessary  to  break 


down  cargo  during  the  loading  process,  the  container  does 
require  handling  and  poses  the  problem  of  Integrating  land 
and  ocean  transport  (2:14). 

In  meeting  the  objective  to  reduce  costs,  a  pre¬ 
planned  land  system  was  developed  to  eliminate  the  need  for 
rehandling  and  warehousing  that  would  be  necessary  if  prod¬ 
ucts  were  shipped  in  single  commodity  or  break-bulk  units. 

At  the  receiver's  end,  custom  loading  allows  space  and  inven 
tory  reductions  and  cuts  cost  and  waste  (17:41).  For  single 
products  moving  in  large  quantities  to  an  ultimate  user,  con 
tainers  are  loaded  at  the  manufacturer's  or  vendor's  site 
rather  than  at  a  military  installation. 

Although  containers  still  encompass  less  than  a  two 
percent  share  of  the  overall  freight  traffic,  the  use  of  con 
tainers  in  International  freight  transportation  is  estimated 
at  about  40  percent  and  in  marine  transportation,  at  an 
impressive  80  percent  (9:18).  Without  question,  the  contain 
ership  industry,  pioneered  largely  through  American  efforts, 
has  streamlined  the  transport  of  goods  throughout  the  world. 
This  industry  has  been  instrumental  in  opening  up  new  world 
markets.  It  has  seen  phenomenal  growth  over  the  past  25 
years  and  has  made  dramatic  strides  both  in  technology  and 
In  the  quality  of  service. 

Assisting  in  the  movement  of  containerized  cargo  is 
the  Sea-Land  giant  SL-7  contalnership .  These  ships  carry 
containerized,  as  well  as  break-bulk  military  cargo  destined 
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for  U.S.  troops  located  In  areas  such  as  Europe,  the  Medi¬ 
terranean  and  the  Far  East.  Introduced  In  1973 ,  the  SL-7 ' s 
are  among  the  world's  largest  and  fastest  ships  capable  of 
attaining  33  knots  cruising  spped.  Each  ship  is  capable  of 
carrying  1100  containers  of  30  and  ^0  foot  lengths. 

Containerization,  found  in  all  areas  of  shipping, 
provides  the  advantages  of  a  method  that  deals  with  the  prob¬ 
lem  of  cargo  transfers  far  more  effectively  than  methods 
used  to  ship  break-bulk  cargo. 

Air  Transportation 

Air  transport's  primary  advantage  is  obviously  speed. 
This  speed  is  all  the  more  attractive  because  it  multiplies 
benefits.  Time  saved  is  a  source  of  cost  savings  in  itself, 
but  it  also  has  a  direct  impact  on  the  amount  of  capital 
tied  up  in  the  cargo  during  shipment.  The  result  adds  up  to 
considerable  amounts  of  money  when  transportation  time  is 
reduced  from  several  weeks,  or  even  several  months,  to  a 
few  days.  The  problems  associated  with  the  storage  and  care 
of  goods  in  transit,  as  well  as  the  costs  of  storage  and 
care  of  cargo,  can  be  reduced  to  a  minimum  by  rapid  air  trans¬ 
port.  Air  freight  is  a  precious  link  in  the  distribution 
chain  connecting  shippers  and  consumers,  whatever  the  dis¬ 
tance  separating  them  (2:92). 

Another  advantage  of  air  freight  is  the  quality  of 
goods  delivered.  In  the  cargo  compartment  of  an  airplane. 
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cargo  or  goods  are  safe  from  weather  and  the  risks  of  theft 
and  damage  posed  by  surface  transport  during  transfer  and 
storage  time,  which  the  aircraft  generally  eliminates.  The 
caution  that  necessarily  dominates  all  ground  operations 
involving  an  airplane  has  a  positive  effect  on  the  quality 
of  service  and  attention  paid  to  freight  during  loading  and 
unloading.  This,  in  turn,  has  a  beneficial  effect  on  insur¬ 
ance  rates.  Air  freight  is,  by  far,  cheaper  to  insure  than 
the  same  freight  shipped  by  ground  or  ocean  transportation 
(2:93). 

Sea  Versus  Air  Transport  at  ion 

It  was  found  that  the  total  cost  of  cargo  movement 
by  sea  represented  25  percent  of  that  experienced  on  air 
shipments.  In  consequence,  a  shift  in  the  movement  of  cargo 
to  the  sealift  mode  is  becoming  more  and  more  commonplace. 
Shipping  lines  are  a  serious  threat  to  the  air  cargo  indus¬ 
try,  because  of  a  freighter's  ability  to  carry  more  cargo 
per  ton  mile  as  compared  to  the  tonnage  capacity  of  a  large 
cargo  aircraft  (24:45).  For  example,  in  an  all  cargo  con¬ 
figuration,  a  B-747  aircraft  can  carry  over  100  tons,  which 
is  about  one  percent  of  the  tonnage  capacity  of  a  small 
ocean-going  freighter. 

On  the  other  hand,  air  transportation  has  the  speed 
advantage  over  sealift.  In  the  above  example  the  B-747  can 
cover  25  to  35  times  as  much  distance  as  the  ocean  vessel 
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In  one  hour.  Hence,  If  ton-miles  per  hour  were  the  only 
criteria  for  comparison,  three  or  four  B-747's  can  displace 
the  need  for  one  entire  small  freighter. 

In  the  final  analysis,  air  remains  an  important  part 
of  continuing  trans-oceanic  shipping  strategy.  While  ocean 
volume  is  still  increasing,  i  is  ultimately  anticipated 
that  the  modal  mix  will  level  off  at  85  percent  by  sea  and 
15  percent  by  air  (24:45). 

Modal  Choice  and  Routing 

The  shipper's  choice  of  mode  is  typically  not  a  sin¬ 
gle  choice  of  between  water,  rail,  highway  or  air  transport 
modes,  but  is  an  objective  and  subjective  selection  made 
from  a  mixture  of  modes,  routes  and  schedules.  In  other 
words,  modal  choice  and  routing  can  be  viewed  as  a  set  of 
sequential  decisions  made  by  the  shipper.  Shippers  of 
various  commodities  should  examine  a  number  of  factors  or 
costs  which  they  regard  as  relevant.  For  different  commodi¬ 
ties,  different  factors  will  take  on  greater  or  lesser  impor¬ 
tance.  For  one  commodity,  the  weights  given  to  each  factor 
can  be  thought  of  as  remaining  constant  over  a  particular 
network,  and  each  link’s  rating  can  be  determined  on  the 
basis  of  its  particular  performance  characteristics .  Once 
links  are  rated,  paths  can  be  sought  to  maximize  the  ship¬ 
per's  utility  rating  which  will,  in  turn,  minimize  transpor¬ 
tation  costs  (15:48). 
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Break-Even  Analysis 


One  method  for  choosing  between  various  transporta¬ 
tion  and  inventory  strategies  to  minimize  the  total  costs 
of  a  distribution  system  is  based  on  the  principles  of  break¬ 
even  analysis.  Break-even  analysis  can  be  performed  by 
graphic  or  mathematical  methods.  The  dynamic  approach  can 
be  organized  to  provide  information  concerning  movement 
volumes  at  which  a  shipper  should  alter  their  logistics  sys¬ 
tem,  to  relate  costs  of  various  systems  at  any  point  in  time 
or  to  assess  the  impact  of  fixed  costs  on  the  selection  of  a 
logistics  system  to  do  a  particular  job.  It  goes  beyond  an 
analysis  of  the  relative  desirability  of  several  logistics 
systems  at  a  given  point  in  time,  which  requires  assumptions 
of  static  volumes  of  shipments,  shipment  characteristics  or 
service  characteristics.  The  dynamic  approach  of  logistics 
systems  analysis  requires,  as  stated  above,  the  measure¬ 
ment  of  all  costs  associated  with  the  use  of  a  system  over 
the  time  period  of  interest,  the  separate  identification  of 
fixed  and  variable  costs,  and  the  computation  of  point  of 
Indifference  between  alternative  systems  (6:^65). 

Total  Cost  Concept 

Total  cost  analysis  provides  a  convenient  vehicle 
for  analyzing  the  cost  considerations  involved  in  selecting 
between  a  number  of  transportation  and  inventory  strategy 
alternatives.  Further,  it  requires  the  collection  of  the 


18 


fixed  and  variable  costs  in  such  a  manner  that  cost  trade¬ 
offs  can  be  identified.  Total  cost  analysis  can  also  be 
used  to  analyse  many  types  of  logistics  systems,  such  as 
those  using  private  transportation  methods,  special  devices 
for  information  flow,  varying  numbers  of  storage  facilities 
and  others  (6:469).  Finally,  total  cost  models  provide  the 
information  necessary  to  perform  a  break-even  analysis  of 
alternative  distribution  systems. 

In  order  to  develop  a  cost-effective  form  of  trans¬ 
portation  and  inventory  distribution  system,  all  associated 
costs  should  be  fully  identified,  reported  quickly  and  accu¬ 
rately,  and  be  readily  accessible  for  routine  operations  and 
long  range  planning.  The  objective  in  developing  a  more 
cost  effective  transportation  and  inventory  system  is  to 
minimise  the  combination  of  each  individual  cost  component. 
While  there  are  many  forms  of  total  distribution  cost  models, 
the  general  model  used  in  this  study  is: 

Total  Cost  =  transportation  cost  +  inventory  carrying  cost 

+  item  acquisition  cost 

The  Department  of  Defense  should  always  examine  ways 
to  achieve  the  optimal  cost-service  mix  without  injecting 
any  shortfalls  which  may  hinder  military  responsiveness  and 
effectiveness.  For  example,  methods  to  reduce  costs  can 
include  increased  consolidation  of  cargo  shipments,  such  as 
in  containerized  movement ;  p  ggy-back  routings;  the  use  of 
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common  pick-up  and  delivery  points;  and  more  effective  pack¬ 
aging  ( 12 : It? ) . 

The  transportation  and  acquisition  cost  components 
of  the  total  cost  model  used  in  this  research  will  be  dis¬ 
cussed  in  the  following  chapters.  The  inventory  carrying 
cost  component  will  also  be  discussed  in  specific  detail 
in  che  following  chapters;  however,  a  general  discussion 
of  inventory  costs  is  provided  next. 

Inventory  Carrying  Cost 

Inventory  carrying  costs  can  be  thought  of  as  those 
costs  associated  with  the  quantity  of  inventory  stored,  and 
include  a  number  of  different  cost  components.  The  need  for 
an  accurate  assessment  of  inventory  carrying  cost,  if  the 
appropriate  trade-offs  are  to  be  made,  depends  on  the  mag¬ 
nitude  of  these  costs  in  the  problem  situation.  In  lieu  of 
accurate  and  specific  calculations,  estimates  are  usually 
used  when  considering  the  cost  of  holding  inventory,  and 
these  range  from  12  percent  to  35  percent  of  item  value. 
These  percentages  are  derived  from  traditional  textbooks  or 
from  industrial  averages.  Most  carrying  cost  percentages 
are  nearer  to  25  percent  (12:240). 

It  is  often  the  case  that  in  many  companies,  inven¬ 
tory  carrying  costs  are  not  calculated  but  only  estimated. 
When  these  costs  are  calculated,  the  calculations  generally 
include  only  the  current  interest  rate  plus  such  items  as 
insurance  and  taxes  (12:239). 
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Calculating  Inventory  Carrying  Cost 

In  calculating  inventory  carrying  cost,  only  those 
costs  that  vary  with  the  quantity  of  inventory  should  be 
included.  There  .are  four  major  components  involved  in 
determining  the  inventory  carrying  cost  in  a  transportation 
and  distribution  system.  They  are:  capital  costs,  inven¬ 
tory  service  costs  and  storage  space  costs.  A  brief  des¬ 
cription  of  each  component  will  be  presented  next. 

Capital  Costs.  When  inventory  is  obtained,  it  ties 
up  money  that  can  be  used  for  other  types  of  spending.  Con¬ 
sequently,  the  opportunity  cost  of  capital,  which  is  the 
rate  of  return  that  could  be  realized  from  other  uses  of 
money,  should  be  used  in  order  to  reflect  accurately  the 
true  costs  involved.  In  organizations  where  funds  are  dis¬ 
tributed  for  specific  purposes,  a  hurdle  rate  should  be  used 
as  a  cost  of  capital.  A  "hurdle  rate"  may  be  defined  as  the 
minimum  rate  of  return  on  new  major  procurement  items  (12: 
241) . 

Once  the  cost  of  money  has  been  established,  it  is 
then  necessary  to  determine  the  value  of  the  inventory  on 
which  the  inventory  carrying  cost  is  to  be  used.  At  this 
point,  costing  alternatives  should  be  used.  The  two  costing 
alternatives  used  are  the  direct  costing  method  and  the 
absorption  costing  method.  The  direct  costing  method  is 
that  method  of  cost  accounting  which  Is  based  upon  the 
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segregating  of  costs  into  fixed  and  variable  components. 

This  is  done  in  order  to  exclude  fixed  costs  of  production 
from  the  inventory  values.  With  absorption  costing,  other¬ 
wise  known  as  full  costing,  fixed  manufacturing  overhead  is 
inventoried  (12:2-2). 

Invent crv  Servi  "osts.  These  costs  are  comprised 
cf  taxes  and  insurance  paid  as  a  result  of  holding  inven¬ 
tory.  Ir.  a  general  sense,  taxes  vary  directly  with  inven¬ 
tory  levels.  On  the  other  hand,  insurance  rates  are  not 
proportional  to  inventory  levels,  since  insurance  is  usually 
purchased  -  c  cover  a  certain  value  of  an  item  over  a  speci¬ 
fied  period  of  time  and  revised  periodically  based  on  changes 
in  total  inventory  levels  (1 2:244). 

The  actual  dollar  amount  spent  on  insurance  and 
taxes  during  a  specified  period  of  time  can  be  calculated 
as  a  percentage  of  the  inventor"  value,  and  then  added  to 
the  cost  of  money  component  of  the  carrying  cost.  If  bud¬ 
geted  figures  are  available  for  the  coming  year,  they  can  be 
used  as  a  percentage  of  the  inventory  value  based  on  the 
forecasted  inventory  level  in  order  to  provide  a  future- 
oriented  carrying  cost  (12:244-245). 

Storage  Space  Cost.  Storage  space  cost  is  incurred 
when  storing  Inventory  type  items  within  a  specified  building 
or  location.  The  type  of  facilities  used  plays  a  major  role 
in  assessing  related  storage  costs.  Examples  of  the  various 
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facilities  are:  public  warehouses,  private  warehouses, 
rented  or  leased  warehouses.  Public  and  leased  warehouses 
usually  contain  variable  cost  components  which  vary  with 
she  amount  of  inventory  stored.  Private  warehouses  contain 


fixed  cost  components  which  do  nor  vary  in  direct  p 
to  the  amount  of  inventory  held.  Again,  only  those 
that  vary  with  the  quantity  of  inventory  should  be 
in  determining  the  inventory  carrying  costs. 


report  ion 
costs 
included 


Summary 

We  have  presented  the  background,  problem  statement 
and  objectives  of  this  research  effort.  Chapter  -i  will 
describe  the  methodology  used  to  analyze  tne  present  and  pro 
posed  distribution  systems  under  study.  A  total  cost  model 
will  be  presented  for  the  identification  of  the  cost  com¬ 
ponents  necessary  in  evaluating  the  total  costs  of  alterna¬ 
tive  systems.  Chapter  III  includes  a  discussion  o:  the 
results  of  our  analysis,  followed  by  the  conclusions  and 
recommendations  In  Chapter  IV, 
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CHAPTER  II 


METHODOLOGY 

Introduction 

The  principle  objective  of  this  research  was  to  per¬ 
form  a  trade-off  analysis  between  the  total  transportation, 
acquisition  and  inventory  costs  associated  with  various  dis¬ 
tribution  strategies  to  support  C- 130-7  engine  demand  in 
Europe.  Two  major  strategies  were  investigated.  The  first 
strategy  represents  the  current  system  of  using  air  trans¬ 
portation  of  C-130-7  engines  between  Kelly  AFB,  Texas,  and 
Rhein-Main  A3,  Germany.  The  second  strategy  proposes  the 
use  of  contalnerships  for  the  engine  movement  requirements. 
This  strategy  incorporates  land  and  sea  transportation  modes 
for  container  movement,  and  requires  an  additional  inventory 
of  C-130-7  engines  to  provide  the  same  level  of  customer 
service  as  the  air  transportation  system.  That  is,  the  addi¬ 
tional  inventory  is  required  to  account  for  the  slower 
intransit  times  of  the  surface  transportation  systems.  This 
strategy  involved  the  investigation  of  using  both  20  and  40 
foot  containers  for  the  intermodal  surface  movement  of 
C-130-7  engines. 

In  order  to  determine  the  most  economical  method  of 
distribution,  it  was  necessary  to  examine  the  present  and 
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future  costs  directly  related  to  the  strategies  under  inves¬ 
tigation.  Thus,  this  research  attempted  to  capture  and  com¬ 
pare  the  total  costs  of  moving  C-130-7  engines  between  Kelly 
APB,  Texas,  and  Rhein-Main  AB,  Germany,  using  both  air  and 
surface  transportation  modes. 

The  main  thrust  in  evaluating  the  total  cost  of  a 
distribution  system  is  the  introduction  of  the  total  cost 
concept.  The  total  cost  concept  is  the  recognition  that  the 
logistics  system  should  be  defined  broadly  enough  so  that 
all  relevant  costs  to  a  decision  problem  are  considered  in 
the  decision  process.  In  determining  optimal  transportation 
alternatives,  a  total  cost  model  will  be  presented  to  assist 
in  analysing  the  system  under  study. 

Research  Model 

The  total  cost  model  used  In  this  study  encompasses 
three  basic  cost  components:  fixed  costs,  variable  trans¬ 
portation  costs,  and  inventory  carrying  costs.  These  cost 
components  will  be  examined  and  explained  below. 

Fixed  Costs  (FC) 

Fixed  costs  can  be  defined  as  expenses  which  do  not 
vary  with  the  amount  of  service  that  is  being  offered.  It 
is  generally  assumed  that  expenses  for  equipment,  facilities 
depreciation  and  taxes  on  these  items  are  fixed  (5:73).  For 
this  research,  the  fixed  cost  component  includes  the  expend! 
tures  necessary  for  acquisition  of  additional  C-130-7 
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engines  required  to  fill  the  pipeline  inventory  when  surface 
transportation  is  used  in  lieu  of  air  transportation  modes. 
Because  surface  transportation  is  slower  relative  to  air 
transportation,  additional  pipeline  inventories  are  necessary 
to  provide  the  same  level  of  customer  service  available  with 
use  of  air  transportation. 

Variable  Costs  (VC) 

Variable  costs  can  be  defined  as  these  expenses 
which  vary  directly  with  the  amount  of  service  offered  by  a 
particular  carrier.  Transportation  expenses  that  can  be  con¬ 
sidered  variable  include,  but  are  not  limited  to,  fuel  costs, 
equipment  maintenance  costs,  labor  costs  and  handling. 

Inventory  Carrying  Costs  (CC) 

Carrying  costs  can  be  defined  as  the  costs  that  are 
associated  with  the  quantity  of  a  particular  item  stored. 

The  magnitude  of  these  costs  and  the  fact  that  various  item 
levels  are  influenced  by  the  configuration  of  the  physical 
distribution  system  demonstrates  the  need  for  an  accurate 
assessment  of  carrying  costs,  if  the  appropriate  cost  trade¬ 
offs  are  to  be  made  (12:241). 

Total  Costs 

Total  costs  emphasize  the  appraisal  of  all  fixed 
costs,  variable  transportation  costs  and  inventory  carrying 
costs  resulting  from  a  decision  to  utilize  a  particular 
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method  of  accomplishing  each  activity.  Furthermore,  it 
places  emphasis  on  the  analysis  of  the  nature  of  change  in 
these  costs  under  varying  conditions.  The  underlying  prin¬ 
ciple  of  the  concept  advocates  the  avoidance  of  suboptimi¬ 
zation  of  system  components,  that  is,  the  optimization  of 
one  system  component  to  the  detriment  of  total  system  cost 
(12:36). 

In  summary,  the  following  is  the  total  cost  model 
which  was  used  in  examining  the  total  costs  of  various  sys¬ 
tems  under  investigation: 

Total  Cost  =  Fixed  C:st  +  Transportation  Variable  Cost 

+  Inventory  Carrying  Cost 

Data  Requirements 

The  variables  used  in  developing  the  total  cost 
model  are  classified  as  input  (decision)  variables  and  out¬ 
put  (dependent)  variables.  The  input  variables  are  decision 
variables  under  the  control  of  the  decision  maker,  and  the 
output  variables  are  response  variables  which  are  a  function 
of  the  input  entities  (20:15-16). 

In  the  transportation  systems  under  study,  three 
variables  are  identified  as  independent.  These  variables 
are  transportation  costs,  acquisition  costs  and  inventory 
carrying  costs. 

Transportation  costs  are  those  costs  associated  with 
the  movement  of  materials  and  equipment  from  point  of  origin 
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to  point  of  destination.  These  costs  may  include  loading 
and  unloading,  packaging  and  damage,  transit  time,  intransit 
loss  or  damage  not  covered  by  carrier  liability,  and  traffic 
control.  For  this  research,  transportation  rate  tariffs 
for  the  various  modes  were  used  to  represent  the  total  of 
all  of  the  separate  cost  components.  Acquisition  costs  are 
those  costs  associated  with  purchasing  or  procuring  an  item 
or  piece  of  equipment.  These  costs  are  usually  sunk  costs 
which  cannot  be  recovered  once  the  item  or  equipment  is 
obtained.  In  this  research,  acquisition  costs  were  computed 
for  additional  C-130-7  engines  needed  with  the  surface  trans¬ 
portation  strategy.  Inventory  carrying  costs  include  only 
those  costs  that  vary  with  the  level  of  inventory  stored, 
and  can  be  categorized  into  the  following  groups: 

1.  Capital  cost,  which  is  the  opportunity  cost  of 
capital  multiplied  by  the  variable  out-of-pocket  investment 
in  inventory; 

2.  Storage  space  cost; 

3.  Inventory  risk  cost  including  obsolescence, 
damage,  pilferage  and  relocation  costs.  Inventory  carrying 
costs,  as  a  proportion  of  average  value  of  inventory  on  hand, 
have  been  estimated  generally  at  25  percent.  For  this 
research,  inventory  carrying  costs  were  equated  to  those 
used  for  economic  order  quantity  items  in  Air  Force  supply 
systems . 

The  output  (dependent)  variable  is  identified  as  the 
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total  cost  component  In  the  research  model.  Total  cost  is 
one  measure  of  the  transportation  system  under  investigation 
and  it  takes  into  consideration  all  transportation  and 
related  costs  affected  by  the  possible  changes  which  may 
occur  within  a  system. 

Data  Collection 

The  purr  :-se  of  this  section  Is  to  identify  the  pri¬ 
mary  sources  utilised  in  obtaining  all  pertinent  data  neces¬ 
sary  to  develop  the  total  cost  models.  The  information  con¬ 
cerning  the  C- 130-7  engine  weight  and  shipping  dimensions 
was  obtained  from  the  Traffic  Management  Office,  Kelly  Air 
Force  3ase,  Texas  ( 1 ) . 

The  policies  and  procedures  pertaining  to  the  number 
of  engines  authorised  at  Rhein-Main  and  shipment  routing 
were  obtained  from  the  San  Antonio  Air  Logistics  Tenter, 
located  at  Kelly  Air  Force  Base,  Texas  (19).  The  route 
structure  provided  information  on  the  current  flow  of  C-130 
engines,  the  route  segments  connecting  Kelly  AFB  and  Phein- 
Main  AB,  and  the  mode  of  transportation  now  being  utilized 
to  accomplish  this  task  (19). 

The  required  information  on  modal  rates  were  obtaine 
through  telephone  conversations  with  Traffic  Management  per¬ 
sonnel  and  from  published  technical  information.  The  pri¬ 
mary  data  sources  for  airlift  rates  included  the  Military 
Airlift  Command  (MAC)  Log  Air  Tariff,  dated  January  1982; 
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Air  Force  Regulation  76-11,  U.5.  Government  Rate  Tariffs, 
dated  May  1981;  and  Traffic  Management  Office  personnel  at 
Wright -Pat ter son  AFB,  Ohio  (3). 

All  surface  rates,  including  land  and  sealift,  were 
obtained  through  telephone  conversations  with  Military  Traf¬ 
fic  Management  Command  personnel  (I'D. 

The  container  was  usee  in  “his  ;*ui"  for  she  purpose 
of  consolidating  the  shipments  of  C-1?0  engines  from  origin 
to  destination.  In  so  doing,  rate  structures  have  been 
employed  in  hopes  of  reducing  the  overall  costs  incurred 
within  the  transportation  system.  The  container  rates  were 
obtained  from  Military  Traffic  Management  Command  personnel 
at  the  water  port  of  Bayonne,  New  Jersey  (10;  22 D 

The  additional  information  required  to  construct  and 
evaluate  the  total  cost  model  is  the  acquisition  cost  for 
the  G- 130-7  engine.  This  cost  and  other  related  information 
were  obtained  from  the  Propulsion  Laboratory,  located  at 
Wright-Patterson  AFB,  Ohio  (14).  Intransit  times  for  both 
surface  and  air  transportation  were  obtained  from  HQ  AFLC, 
also  located  at  Wright-Patterson  Air  Force  Base  (13). 

The  above  sources  provided  the  information  required 
to  develop  the  total  cost  and  break-even  analysis  models 
used  in  this  study. 

Total  Cost  Model  Development 
This  section  will  describe  the  total  cost  model  used 
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for  evaluating  the  two  strategies  of  distribution.  This 
model  is  linear  in  nature  and  will  describe  total  costs  for 
a  specific  method  of  moving  C-130-7  engines  to  and  from 
Europe . 

The  decision  variables  of  the  model  are  the  trans¬ 
portation  costs,  engine  acquisition  costs,  engine  salvage 
value,  carrying  costs,  and  the  discount  factor/present  value 
variables . 

Transportation  Costs 

Transportation  costs  were  determined  for  the  present 
and  proposed  systems  based  on  1982  data.  The  authors  then 
forecasted  the  costs  over  a  15  year  period,  from  1982-1996, 
using  an  annual  increase  of  14%,  based  on  the  estimated 
fuel  cost  increases  from  the  Future  Look  *  8 1  Conference  (25). 
These  costs  were  then  discounted  into  present  value,  19 8 2 
dollars,  using  a  government  recommended  discount  factor  of 
10  percent  (1:82). 

Acquisition  Cost 

In  maintaining  required  customer  service  levels  for 
the  proposed  surface  transportation  systems  under  study, 
additional  C-130-7  engines  would  have  to  be  acquired  and 
added  to  the  current  inventory.  Based  on  a  1982  cost  of 
$91,000  per  engine  (14),  a  total  acquisition  cost  would  be 
calculated  based  on  the  total  number  of  additional  engines 
needed. 
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Salvage  Value 


The  salvage  value  represents  the  amount  of  money 
that  could  be  expected  from  disposition  of  engines  under  the 
assumption  that  the  C— 130  aircraft  will  be  replaced  by  the 
C-X  or  C-XX,  fifteen  years  into  the  future.  In  calculating 
this  value,  the  authors  applied  the  current  engine  acquisi¬ 
tion  cost,  depreciated  it  over  a  20  year  period  ar.d  assume i 
that  the  engine  would  be  worth  approximately  25  percent  of 
its  original  cost  after  just  15  years  of  use.  In  order 
obtain  what  was  felt  to  be  more  in  line  with  the  criteria 
established  in  this  study,  the  25  percent  salvage  value  was 
inflated  by  an  annual  rate  of  3  percent  over  the  15  year 
period.  This  figure  was  then  discounted  using  a  10  percent 
discount  factor.  The  resulting  amount  was  then  applied  as 
the  salvage  value  for  the  C-130  engine  at  the  15  year  point. 

Inventory  Carrying  Cost 

The  Department  of  Defense  does  not  normally  consider 
carrying  costs  for  major  acquisition  items  in  pipeline  inven¬ 
tory  models;  however,  the  authors  felt  that  some  considera¬ 
tion  should  be  given  for  carrying  the  additional  engines 
required  for  the  proposed  system  since  there  is  additional 
storage  and  handling.  In  the  absence  of  an  existing  method 
of  calculating  the  carrying  costs,  the  authors  developed  the 
following  basic  procedure.  A  carrying  cost  of  26  percent 
was  applied  to  the  annual  straight-line  depreciated 
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acquisition  costs  for  the  C-130-7  engine.  This  percentage 
rate  was  extracted  from  AFM  67-1,  Volume  II,  Part  2,  page 
11- 4a,  Carrying  Costs  for  Economic  Order  Quantity  Items. 

The  resulting  amount  was  then  multiplied  by  the  number  of 
additional  engines  required.  The  computed  carrying  cost 
was  then  increased  at  an  annual  rate  of  eight  percent  to 
obtain  the  annual  carrying  cost  to  be  used  in  this  model. 
Finally,  the  annual  carrying  cost  figure  was  discounted  to 
lr ?2  present  value  dollars. 

Inventory  ar.d  Customer  Service  Level 

The  current  inventory  level  at  Rhein-Main  Air  Base, 
lermany,  includes  an  authorization  of  15  C-130-7  engines, 
with  a  1932  predicted  demand  of  26  engines.  The  information 
concerning  authorization  levels  was  obtained  from  the  C-130. 
Engine  Systems  Manager  (19).  This  data  was  then  combined 
with  the  average  time  required  to  move  Priority  I  cargo  from 
Kelly  APB  to  Rhein-Ma^n  AB  to  determine  the  average  level  of 
inventory  based  on  a  uniform  usage  rate,  which  maximizes 
customer  service.  This  average  Inventory  level  was  used  as 
the  required  customer  service  level  for  both  the  present 
and  proposed  systems.  For  the  purpose  of  comparing  alterna¬ 
tive  systems,  the  authors  established  an  arbitrary  stock 
level  of  50  engines  to  be  positioned  at  Kelly  AFB  for  use 
with  the  current  system.  This,  in  turn,  enabled  the  study 
of  the  "total  pipeline"  effect  on  Inventory,  as  it  applies 
to  this  research. 
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One  objective  of  the  proposed  system  is  to  provide 
a  level  of  service  that  is  equal  to  or  better  than  the  sys¬ 
tem  presently  in  use.  This  required  the  acquisition  of 
additional  C-130  engines  which  were  added  to  the  present 
levels  to  offset  the  increase  in  the  time  required  to  move 
engines  between  Kelly  AFB  and  Rhein-Main  AB. 

Intransit  Delivery  Time  Criteria 

One  of  the  basic  factors  used  in  achieving  a  well 
balanced  stock  position  is  a  reasonably  predictable  order 
and  shipping  time  (O&ST).  The  O&ST,  literally  the  "pipeline" 
time,  represents  a  period  from  the  time  the  requisition  is 
entered  into  the  supply  system  until  the  required  material 
is  received  by  the  requisition  activity  (23:99). 

The  O&ST,  when  translated  into  quantities  of  Items, 
becomes  a  significant  factor  in  the  calculation  of  the 
operating  stock  level.  An  operating  stock  level  is  the 
quantity  of  C-130-7  engines  necessary  to  meet  demands  over 
a  period  of  time.  The  quantity  required  is  calculated  from 
past  demands  over  a  similar  time  period,  the  number  of 
engine-days  in  the  "pipeline,"  and  a  safety  level  quantity 
to  compensate  for  variations  in  demands  or  shipping  delays 
(23:99). 

The  intransit  delivery  time  used  in  this  model  was 
determined  by  taking  the  average  monthly  order  and  shipping 
time  for  the  period  January  1980  to  June  1982,  for  cargo 
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movement  from  Kelly  Air  Force  Base  to  a  designated  European 
destination.  To  determine  the  intransit  shipping  time  for 
airlift  movement ,  the  data  for  Priority  I  shipments  were 
used.  For  surface  movement.  Priorities  II  and  III  shipment 
data  were  used  (13)*  Actual  O&ST  data  was  used  in  lieu  of 
standard  data  to  better  represent  the  environment  under 
study.  It  should  be  noted,  for  the  benefit  of  the  reader, 
that  standard  times  are  available. 

One  of  the  factors  in  calculating  standard  order 
and  shipping  time  is  the  Standard  Delivery  Date  (SDD).  The 
SDD  is  the  maximum  standard  terminal  date  by  which  the 
normal  processing  and  shipping  time  in  the  logistics  system 
will  permit  the  receipt  and  recording  of  the  requested 
material  by  the  requisitioning  agency  or  consignee.  The  SDD 
can  be  computed  by  adding  the  appropriate  time  standards  in 
columns  3  and  4,  of  Figure  2-1  below,  to  the  date  of  requi¬ 
sition.  Of  course,  the  geographic  location  and  the  priority 
group  will  be  the  governing  factors  (23:100). 

Total  Cost  Computation 

For  the  present  and  proposed  systems  under  study, 
the  total  costs  were  calculated  by  a  summation  of  the  acqui¬ 
sition  cost,  transportation  costs  and  carrying  costs  for 
each  year  of  occurrence.  Following  this,  a  government  recom¬ 
mended  10  percent  present  value  factor  was  applied  to  these 
cost  totals  to  obtain  the  annual  discounted  costs  for  each 
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■riority 

SrouD 

Priority- 

Designation 

CONUS 

SDD 

Overseas 

SDD 

(1) 

(2) 

(3) 

(4) 

1 

01  -  03 

8  days 

12  or  13  days 

2 

04  -  08 

12  days 

16  or  17  days 

3 

09  -  15 

31  days 

69  to  34  days 

Fig.  2-1.  Standard  Delivery  Dates 
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system.  Finally,  the  annual  discounted  costs  of  each  system 
were  summed  to  arrive  at  the  net  present  value  cost  of  each 
system. 

Total  Cost  Model  Validation 

This  section  discusses  the  techniques  used  for 
validating  the  total  cost  model. 

Validation  of  the  transportation  cost  component  of 
the  research  model,  as  applied  to  the  current  system,  was 
accomplished  by  computing  the  transportation  costs  per 
engine  from  data  obtained  from  the  Traffic  Management  Office 
at  Wright-Patterson  Air  Force  Base,  Ohio.  These  costs  were 
compared  to  the  actual  transportation  costs  obtained  from 
the  Traffic  Management  Office  at  Kelly  Air  Force  Base,  Texas 
(4).  It  was  discovered  that  the  actual  costs  were  99.5  per¬ 
cent  of  the  calculated  costs.  This  difference  was  attributed 
to  the  rounding  of  the  calculated  costs  to  the  nearest  dol¬ 
lar.  It  can  then  be  assumed  that  the  model  Is  very  accurate 
in  reproducing  the  actual  cost  of  the  current  system. 

In  reference  to  the  proposed  system,  there  was  no 
real  system  with  which  to  make  a  comparison.  In  order  to 
validate  the  transportation  costs  of  the  total  cost  model 
for  the  proposed  system,  Mr.  Joe  Kelly  (11)  of  Bayonne's 
International  Transportation  Rates  Division  was  asked  to 
calculate  the  transportation  costs  to  which  the  authors' 
calculated  rates  were  compared.  Bayonne's  calculated  costs 
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were  found  :o  be  14.36  percent  less  than  those  of  the 
authors.  An  investigation  indicated  that  the  major  differ¬ 
ence  in  costs  was  attributed  to  the  fact  that  the  costs 
used  at  3ayonne  were  the  lowest  cost  possible  in  each  case, 
whereas  the  authors  chose  to  take  an  average  of  several 
cost  variables  quoted  by  different  carriers.  Since  the 
objective  of  this  study  is  to  determine  if  the  proposed  sys¬ 
tem  is  more  economical  than  the  current  system,  the  authors 
chose  to  use  the  higher  rates  for  the  proposed  system  in  an 
effort  to  ensure  that  any  error  made  would  be  in  favor  of 
the  current  system. 

Break-Even  Analysis 

Break-even  analysis  is  another  way  to  analyze  data 
for  specific  planning  and  controlling  purposes.  In  this 
study,  break-even  analysis  was  used  to  determine  the  most- 
cost  effective  way  of  supporting  the  required  C-130-7 
engine  demand  in  Europe.  The  important  usefulness  of  break¬ 
even  points  lies  in  the  process  of  forecasting  and  control¬ 
ling  costs.  In  itself,  a  break-even  point  moves  only  with 
changing  conditions  and,  in  moving,  flashes  a  warning.  To 
ensure  follow-through  from  this  warning  requires  a  detailed 
control  employing  the  time  concepts  supporting  the  break¬ 
even  goal,  clearly  expressed  as  goals  at  all  management  deci¬ 
sion  levels. 

Figure  2-2  depicts  the  break-even  analysis  chart 
designed  in  this  study  to  examine  at  what  point,  within  a 
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fifteen  year  period,  the  proposed  system  will  become  more 
cost  effective  than  the  present  system. 

The  items  of  significance  in  the  break-even  chart 

are : 

1)  the  break-even  point 

2)  the  potential  cost  savings  above  the  break-even 

point 

3)  variable  cost  rates  as  an  approximation  of 
"iirect"  or  out-of-pocket  costs  (costs  which  vary  with 
volume ) 

4)  fixed  cost  (cost  of  additional  engines) 

5)  total  cost  for  present  system 

6)  total  cost  for  proposed  system 

Sensitivity  Analysis 

Sensitivity  analysis  was  performed  to  determine  how 
sensitive  the  results  of  the  total  cost  models  were  to 
changes  in  the  following  two  key  Input  variables.  First, 

C- 130-7  engine  demand  was  varied  at  10  percent  above  and  10 
percent  below  the  baseline  rate  of  26  engines  per  year. 
Second,  the  forecasted  14  percent  rate  of  transportation 
cost  Inflation  was  changed  up  to  20  percent  and  down  to  8 
percent . 

In  addition,  the  surface  transportation  routes  were 
varied  to  examine  the  effects  of  utilizing  alternative  ports 
of  embarkation  and  debarkation.  Finally,  in  order  to  better 
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assess  the  costs  and  benefits  of  containerization,  a  surface 
transportation  system  incorporating  break-bulk  shipping  was 
investigated.  As  with  the  use  of  20  and  40  foot  containers, 
this  system  required  an  additional  inventory  of  C-130-7 
engines  to  account  for  the  slower  intransit  times  of  break- 
bulk  v  •'ssels . 


Summary 

This  chapter  described  the  methodology  used  to 
analyze  the  present  and  proposed  systems  involved  in  this 
research  effort.  A  total  cost  model  was  developed  and  used 
to  study  the  cost  differences  between  the  two  systems.  As 
indicated  in  this  chapter,  the  majority  of  data  came  from 
the  Traffic  Management  Office,  Kelly  AFB,  Texas;  San  Antonio 
Air  Logistics  Center,  San  Antonio,  Texas;  and  the  Traffic 
Management  Office,  Wright-Patterson  AFB,  Ohio.  The  actual 
transportation  costs  were  calculated  from  the  data  obtained 
from  Kelly  AFB  and  Wright-Patterson  AFB  and  were  found  to  be 
99-93  percent  accurate.  This  effort  was  accomplished  in 
order  to  verify  the  accuracy  of  the  data  used  and  to 
increase  the  reliability  of  the  model  and  its  results. 
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CHAPTER  III 


MODEL  MANIPULATION  AND  RESULTS 


Introduction 


This  chapter  describes  how  the  total  cost  models 
were  developed  for  analysis  of  alternative  methods  of  trans¬ 
porting  C-130-7  engines  between  the  San  Antonio  Air  Logistics 
Center  at  Kelly  APB,  Texas,  and  the  C-130  bed-down  base  at 
Rhein-Main  AB,  Germany.  The  chapter  begins  with  a  presen¬ 
tation  of  how  the  data  was  collected,  analysed  and  trans¬ 
formed  into  the  total  cost  models  for  the  two  major  strate¬ 
gies  under  investigation.  The  first  strategy  represents  the 
current  system  of  using  air  transportation,  for  engine  move¬ 
ment.  The  second  strategy  proposes  the  use  of  containers 
to  move  the  engines  through  intermodal  surface  transporta¬ 
tion  systems.  For  this  strategy,  both  20  and  40  foot  con¬ 
tainer  systems  are  analyzed.  Total  costs  for  each  of  the 
major  strategies  are  then  compared  to  determine  the  most 
economical  distribution  system.  The  chapter  concludes  with 
a  discussion  of  the  sensitivity  analysis  performed  to  deter¬ 
mine  the  effects  of  changes  to  demand  forecasts,  transpor¬ 
tation  rates,  and  transportation  routes.  Under  the  sensi¬ 
tivity  analysis  phase  of  this  research,  the  use  of  break- 
bulk  shipping  in  lieu  of  containerization  was  also  investi¬ 
gated. 
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Table  3-1  provides  the  data  parameters  necessary  to 
construct  the  total  cost  models.  The  initial  step  in  ana¬ 
lyzing  the  data  was  to  establish  the  average  level  of  cus¬ 
tomer  service  at  Rhein-Main  AB,  Germany,  and  the  average 
inventory  levels  at  the  Rhein-Main  AB  and  Kelly  Air  Force 
Base  locations.  This  was  accomplished  by  analysis  of  the 
average  transit  time,  the  minimum  inventory  levels  and  the 
estimated  engine  demand  for  1982.  Assuming  a  uniform  usage 
rate  of  26  engines  per  year  at  Rhein-Main  AB,  and  an  engine 
being  ordered  from  the  San  Antonio  Air  Logistics  renter 
Depot  every  time  an  engine  requires  major  overhaul  at  Rhein- 
Main,  an  average  on-hand  level  of  14.24  engines  was  estab¬ 
lished  at  Rhein-Main  under  the  current  air  transportation 
system.  The  minimum  inventory  level,  iv  this  case,  was  esti¬ 
mated  to  be  14  engines.  An  average  inventory  level  of  49.31 
engines  was  established  at  the  San  Antonio  Air  Logistics 
Center  at  Kelly  AFB,  also  under  the  current  system.  The 
minimum  inventory  level  at  Kelly  AFB  was  estimated  to  be  49 
engines.  Figure  3-1  illustrates  the  lata  analyzed  to  estab¬ 
lish  the  minimum  and  average  inventory  levels  for  the  cur¬ 
rent  air  transportation  system.  These  levels  were  then  used 
to  establish  the  customer  service  level  criteria  for  the 
proposed  systems  under  investigation. 

Using  the  data  in  Figure  3-2,  it  was  determined  that 
in  order  to  satisfy  the  customer  service  criteria  established 


TABLE  3-1 


DATA  PARAMETERS 


Air  Rates: 

Log  Air  from  Kelly  to  Tinker  16  cents  per  pound 

MAC  from  Tinker  to  Rhein-Main  1.478  dollars  per  pound 

Engine  Dimensions  in  Shipping  Container 

110  inches  long,  46  inches  wide,  49  inches  high,  and 
2600  pounds 

3.6  measurement  tons 


Truck  Rates: 

From  Kelly  to: 
Break-Bulk 
20'  container 
40'  container 


Galveston 
5 . 84/cwt 
. 89/mile 
.93/mile 


New  Orleans 
4 . 17/cwt 
.89/mile 
•  93/mile 


Charleston 
9 . 12/cwt 
. 89/mile 
.93/mile 


Ocean  Rates  per  Measurement  Ton: 

Port  Handling 


From  Galveston  or  New  Orleans  to  Europe:  Charges 

Break-Bulk  $68.57  $44.61 

20'  container  $74  $  3.76 

40'  container  $58  $  3.76 


From  Charleston  to  Europe: 


Break -Bulk 

$75.77 

$44.61 

20' 

container 

$64 

$  3.76 

40' 

container 

$52 

$  3.76 
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TABLE  3-1  -  Continued 


Truck  Rates  per  Measurement  Ton 


Port  Handling 
Charges 


Prom  Bremerhaven  to  Rhein-Main  $40.53  $65.56 

From  Rotterdam  to  Rhein-Main  $27.60  $43.13 


Average  Travel  Times 

Air  11  days 

Surface  56  days 

20  foot  container  priced  at  30  measurement  tons 
40  foot  container  priced  at  60  measurement  tons 

Inventory  Levels: 

Rhein-Main  15  engines 

Kelly  50  engines 

Engine  Cost:  $91,000  each 

Salvage  Value:  $15,821  each,  after  15  years  use 
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Demand  =  26  engines  per  year  276  days  -  1*1  engines 

365/26  =  order  1  engine  every  Tdl  days  on  hand 

Repairables  =  26  engines  per  year  89  days  -  15  engines 

Demand  +  Repairables  =  52  engines  transported  per  year  on  hand 

Average 


Fig.  3-1.  Current  dy stem :  Air  Transportat ion 
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for  the  current  system,  seven  additional  engines  are 
required  at  Kelly  AFB  and  three  additional  engines  are 
required  at  Rhein-Main  A3,  Germany,  when  20  foot  containers 
and  intermodal  surface  transportation  systems  are  usei  for 
0-130-7  engine  distribution.  When  the  proposed  system 
employs  the  use  of  AO  foot  containers  and  intermodal  sur¬ 
face  transportation  systems,  it  was  determined  that  .'ever, 
additional  engines  are  needed  at  both  Kelly  AFB  and  F.hein- 
Main  AB,  as  depicted  in  Figure  3-3. 

Transportation  Costs 

The  next  step  in  the  data  analysis  involved  determi¬ 
nation  of  the  annual  transportation  costs  for  the  air  and 
surface  transportation  system  alternatives  over  the  15  year 
period  of  analysis.  Figures  3-4  through  3-7  graphically 
illustrate  the  routing  networks  and  transportation  rates 
for  the  strategies  under  investigation.  The  current  air 
transportation  system,  shown  in  Figure  3-4,  involves  air¬ 
lift  of  C- 130-7  engines  between  Kelly  AFB  and  Rhein-Main  AB, 
with  an  intermediate  stop  at  Tinker  AFB,  Oklahoma.  The 
intermediate  stop  is  necessary  to  interchange  engines  between 
the  MAC  Tinker-Rhein-Main  airlift  channel  and  the  Tinker- 
Kelly  LOGAIR  channel.  Figures  3-5  and  3-6  provide  the  inter¬ 
modal  surface  routing  networks  and  transportation  rates 
for  the  20  and  40  foot  movement  alternatives,  respectively. 

It  is  noted  that  New  Orleans  and  Rotterdam  were  chosen  as 
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Mode:  40  foot  container;  carry  8  engines  per  container 

Demand  =  26  engines  per  year  or  365/26  =  break  1  engine  every  14  days 

Repairables  =  26  engines  per  year 

Demand  +  Repairables  =  52  engines  transported  per  year 
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Pig.  3-6.  40'  Container  Surface  Transportation  Routes 
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the  primary  seaports  of  embarkation/debarkation  for  the  pro¬ 
posed  system.  Figure  3-7  is  included  to  illustrate  the 
break-bulk  surface  transportation  routes  and  rates  which 
will  be  discussed  in  the  section  on  sensitivity  analysis. 

To  determine  the  annual  total  transportation  costs 
for  the  present  air  transportation  system,  the  costs  from 
each  leg  of  the  selected  routes  were  combined  and  multiplied 
by  52  engines.  The  engine  demand  represented  a  yearly  move¬ 
ment  of  26  serviceable  engines  to  Rhein-Main  AB  and  a  yearly 
movement  of  26  repairable  engines  to  Kelly  AFB.  The  air 
transportation  costs  were  then  increased  by  an  annual  rate 
of  lM  percent  for  each  succeeding  year,  and  then  discounted 
back  to  1982  based  on  end-of-year  payments  and  a  10  percent 
discount  factor.  Table  3-2  illustrates  the  results  of  the 
analysis  for  the  air  transportation  system  and  shows  an 
estimated  15  year  total  cost  of  approximately  $3.92  million 
dollars.  Since  no  additional  engines  are  required  for  the 
current  air  transportation  strategy,  this  figure  represents 
the  total  distribution  costs  for  the  current  system. 

The  computation  of  transportation  costs  for  the 
proposed  systems  involving  the  use  of  20  foot  and  40  foot 
containers  was  similar  to  the  computation  of  transportation 
costs  for  the  current  system.  That  is,  the  transportation 
rates  for  each  route  segment  were  combined  and  multiplied  by 
the  yearly  engine  demand.  However,  before  the  annual  costs 
could  be  discounted,  acquisition  costs  and  inventory  carrying 
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AIR  TRANSPORTATION  SYSTEM:  KELLY  -+  TINKER  -*  RHEIN-MAIN 


3,92 


costs  had  to  be  computed  since  the  proposed  surface  inter- 
modal  systems  involved  the  addition  of  engines  in  order  to 
provide  the  same  level  of  customer  service  as  the  present 
system. 

Acquisition  Costs 

It  was  determined  that  10  additional  engines  are 
needed  for  the  20  foot  container  intermodal  transportation 
system,  and  14  additional  engines  are  needed  for  the  40  foot 
container  system.  It  was  assumed  that  the  acquisition  would 
take  place  in  the  initial  year  of  the  study  and  that  the  cur¬ 
rent  engine  cost  would  remain  at  $91,000.  However,  since 
the  engine  life  was  assumed  to  be  20  years  and  since  the 
study  assumed  a  15  year  time  period,  each  additional  engine 
bought  would  have  a  salvage  value  for  the  remaining  five 
year  useful  life.  Therefore,  the  acquisition  cost  was  off¬ 
set  by  a  salvage  value. 

To  compute  the  salvage  value,  the  first  step  involved 
dividing  the  engine  acquisition  cost  of  $91,000  by  20  years. 
This  produced  a  yearly  straight  line  depreciation  value  of 
$4,550  per  engine,  assuming  a  zero  salvage  value  at  the  end 
of  year  20.  Since  it  was  estimated  that  the  C-130  system 
would  be  replaced  in  15  years,  the  next  step  involved  multi¬ 
plying  $4,550  times  the  remaining  5  year  useful  life.  This 
resulted  in  a  salvage  value  of  $22,500  per  engine.  The  next 
step  involved  increasing  the  salvage  value  of  $22,500  by  8 
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percent  per  year  for  15  years  to  account  for  general  price 
inflation.  The  resulting  annual  cost  figures  were  discounted 
back  to  1982  present  value  terms  using  a  10  percent  discount 
factor.  The  entire  process  then  resulted  in  a  salvage  value 
of  $15,821  which  was  deducted  from  the  $91,000  engine  acqui¬ 
sition  cost  to  establish  a  net  acquisition  cost  of  $75,179 
per  engine  in  1982. 

The  net  acquisition  cost  for  the  10  engines  needed 
for  additional  inventory  for  the  20'  container  system  was 
then  computed  as  10  times  $75,179,  or  $751,790.  The  net 
acquisition  cost  for  the  14  engines  needed  for  additional 
inventory  for  the  90'  container  system  proposal  was  computed 
as  14  times  $75,179,  or  $1,052,506.  To  compute  total  acqui¬ 
sition  costs,  a  discount  factor  of  1.00  was  applied  since 
it  was  assumed  that  the  engines  would  be  bought  at  the  begin¬ 
ning  of  the  study. 

Inventory  Carrying  Cost 

As  explained  in  the  methodology,  the  inventory  carry¬ 
ing  cost  per  engine  was  computed  at  26  percent  of  the  yearly 
depreciation  value,  based  on  a  20  year  useful  life.  The 
resulting  figure  was  multiplied  by  10  or  14  engines,  depend¬ 
ing  on  whether  the  20  foot  or  40  foot  container  systems  was 
being  considered;  then  increased  by  8  percent  per  year  to 
account  for  general  price  inflation;  and  finally  discounted 
back  to  1982  present  value  terms. 
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Total  Cost  Models 


The  total  cost  for  the  current  air  transportation 
system,  over  the  15  year  period,  was  previously  reported  to 
be  approximately  $3*92  million  (see  Table  3-2).  To  compute 
the  total  accumulated  costs  for  the  proposed  intermodal  sur¬ 
face  transportation  systems,  the  acquisition  costs  and  yearly 
transportation  and  inventory  carrying  costs  were  inflated, 
discounted,  and  summed  as  shown  in  Tables  3-3  and  3-4.  The 
models  indicate  that  the  current  air  transportation  system 
costs  are  136  percent  greater  than  the  estimated  cost  of 
$1.67  million  for  the  proposed  surface  transportation  system 
using  20  foot  containers,  and  113  percent  greater  than  the 
estimated  cost  of  $1.84  million  for  the  proposed  surface 
transportation  system  using  40  foot  containers.  These 
results  will  be  further  analyzed  in  the  next  section. 

Break-Even  Analysis 

In  observing  the  total  cost  Tables  3-2,  3-3  and  3-4, 
it  appears  that  the  total  costs  for  the  proposed  systems  are 
greater  than  those  of  the  current  system  for  1982.  However, 
when  a  comparison  of  the  total  costs  of  the  proposed  and  pres¬ 
ent  systems  is  made  in  year  15  (1996),  it  is  discovered  that 
the  proposed  systems  produce  lower  costs.  Break-even  anal¬ 
ysis  was  used  for  the  purpose  of  establishing  the  point,  or 
period  of  time,  at  which  the  total  costs  of  the  proposed  and 
present  systems  are  equal.  This  was  accomplished  by 
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SURFACE  TRANSPORTATION  SYSTEM 
TOTAL  COST:  40  FOOT  CONTAINER  SYSTEM 
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utilizing  a  break-even  analysis  graph  projecting  the  total 
cost  per  year  of  each  system  over  a  15  year  time  horizon. 

The  break-even  point,  at  which  both  the  present  and  proposed 
system's  cost  curves  intersect,  indicates  the  point  of 
equality  in  total  system  costs.  By  drawing  a  line  from  the 
point  of  intersection  perpendicular  to  the  time  axis,  we  can 
indicate  the  period  of  time  necessary  in  recovering  the  cost 
from  the  proposed  system  which  was  initially  more  expensive. 
Therefore,  if  operations  are  to  be  limited  to  the  left  of 
the  break-even  point,  it  would  be  more  economical  to  keep 
the  current  system;  however,  if  operations  will  fall  on  the 
right  side  of  the  break-even  point,  it  would  be  more  economi¬ 
cal  to  convert  to  either  of  the  proposed  systems. 

In  accordance  with  the  guidelines  specified  in  the 
above  context,  a  break-even  analysis  graph  was  constructed 
to  determine  the  point  of  intersection  between  the  current 
system  and  the  proposed  20  foot  container  system,  as  shown 
in  Figure  3-8. 

By  plotting  the  accumulated  costs  factors  derived 
from  Tables  3-2  and  3-3,  the  resulting  break-even  point  was 
estimated  to  be  between  the  years  of  1985  and  1986,  or  -4 . 4 
years  from  the  proposed  system's  implementation  date.  This 
reflects  a  considerable  amount  of  cost  savings  over  the  cur¬ 
rent  system,  when  projected  out  to  the  15  year  point. 

When  40  foot  containers  are  used,  the  break-even 
point  tends  to  shift  itself  to  the  right  due  to  the  higher 
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fixed  costs  associated  with  the  larger  container.  This  is 


shown  in  Figure  3-9,  using  data  derived  from  Tables  3-2  and 

3-9. 

Sensitivity  Analysis  of  the  Results 

An  analysis  of  model  sensitivity  was  performed  on 
four  separate  parameters  use:  ir  this  study.  Specifically, 
sensitivity  analysis  involved  changing  engine  demand,  the 
various  rates,  surface  routing  and  surface  transportation 
modes.  Each  of  these  parameters  will  be  discussed,  with 
respect  to  total  costs  over  the  15  year  study  period. 

Changes  in  Temand 

The  expected  demand  of  26  C-13C  engines  was  varied 
by  a  constant  figure  of  plus  and  minus  12  percent,  to  deter¬ 
mine  how  the  change  in  demand  will  effect  the  system's 
total  cost.  The  resulting  figures  were  then  rounded  to  the 
next  whole  number,  indicating  an  increase  of  3  engines  at 
plus  10  percent  and  a  decrease  of  2  engines  at  minus  10  per¬ 
cent  (see  Figures  3-10  through  3-13).  The  resulting  tabula¬ 
tions  are  presented  in  Tables  3-5,  3-6  and  3-7.  The  tables 
show  that  when  the  expected  demand  dropped  to  29  engines, 
the  current  system  cost  was  found  to  be  $2,017,208,  or  126 
percent  greater  than  the  system  being  proposed  using  20  foot 
containers  and  $1,916,512,  or  112  percent  greater  than  when 
90  foot  containers  are  used.  By  increasing  the  demand  to  29 
engines,  the  resulting  current  system  cost  was  $2,532,919, 
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Mode:  20  foot  container;  carry  4  engines  per  container 

Demand  =  29  engines  or  365/29  =  break  1  engine  every  12  days 

Repairable  =  29  engines 

Demand  +  Repairable  =  58  engines  transported  per  year 


I 


CO 

CO 

o 

o 

rH 

rH 

rH 

CT\ 

C\J 

ur\ 

VC 

C 

VC 

H 

OV 

OV 

II 

VC 

VO 

^T 

• 

rH 

CO 

CO 

e\i 

C*- 

CVJ 

cvj 

II 

rH 

t"- 

c-~ 

o 

T— 1 

CO 

..  • 

VC 

■o 

rH 

c 

a) 

X 

^T 

o 

o 

6 

rH 

VC 

VC 

o 

vo 

Q 

C\ J 

IT\ 

CO 

CO 

CO 

T— 4 

-=T 

— 

^r 

VC 

VC 

i— 1 

on 

t*- 

-=T 

rH 

CVJ 

CVJ 

CO 

rH 

CO 

Cvj 

« — 1 

t — f 

n 

CTn  0) 

OT  C 

ON 

•  tH 

rH 

rH 

CO  CO  CO  in  b0 

d>  d>  <D  < — '  C 

C  C  C  <D 

tf> 

03 

n-* 

•H  *H  «H  It 

T3 

<D 

w 

1) 

5 

bD  bD  bD  -=r 

C 

> 

X 

L, 

a 

C  C  CO 

03 

•rH 

03 

0) 

a 

1)  1)  1)  CO 

G 

0) 

03 

••H 

cO  03 

G 

u 

rC 

oo  C--=r  SZ  < 

G 

03 

o 

CO 

<D 

H  H  iH 

O 

rH 

2 

c 

0 

<u 

CD 

O 

W 

1  1  1  o  •• 

w 

C 

C 

c 

C 

>5 

< 

c 

(1) 

•H 

•H 

■H 

•H 

o 

s 

si  to  n  ii  o 

C 

bO 

bO 

bO 

bC 

1 

>:>)>>  M-H 

•H 

C 

C 

c 

C 

C 

2 

cO  cO  cO  cO  co 

bO 

(D 

<D 

(1) 

0) 

•H 

M 

03  03  03  b  <H 

G 

w 

0)  o 

0) 

>> 

>i 

>5 

>5 

>> 

2 

o  in  o  >  a> 

03 

03 

cO 

03 

03 

K 

on  onco  <  o 

Q 

Q 

Q 

o 

69 


engines  on  hand 


KELLY 


Mode:  20  foot  container;  carry  4  engines  per  container 

Demand  =  24  engines  or  365/24  =  break  1  engine  every  15  days 

Repairable  =  24  engines 

Demand  +  Repairable  =  48  engines  shipped  per  year 
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Mode:  ^0  foot  container;  carry  8  engines  per  container 

Demand  =  29  engines  or  365/29  =  break  1  engine  every  12  days 

Repairable  =  29  engines 

Demand  +  Repairable  =  58  engines  transported  per  year 
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72  days  -  57  engines 
293  days  -  49  engines 
Average  on  hand  =  50.58 


Mode:  40  foor  container;  carry  8  engines  per  container 

Demand  =  24  engines  or  365/24  =  break  1  engine  every  16  days 

Repairable  =  24  engines 

Demand  +  Repairable  =  48  engines  transported  per  year 
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SURFACE  TRANSPORTATION  SYSTEM 
TOTAL  COST:  20  FOOT  CONTAINER  SYSTEM 
ROUTING:  KELLY  ->  NEW  ORLEANS  -*  ROTTERDAM  ->  RHEIN-MAIN 
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or  137  percent  greater  than  the  proposed  system  using  20 


foot  containers  and  $2,377,364,  or  119  percent  greater  than 
when  40  foot  containers  are  used. 

Changes  in  Rates 

The  next  step  in  the  sensitivity  analysis  involved 
the  evaluation  of  differences  in  total  costs  that  would 
oc if*  ^ r*  '"“at ion  cos*- s  \\ 0^0  * nrtr,6ss6d  o  - 

annual  inflation  rate  of  20  percent  as  opposed  to  the  esti¬ 
mated  14  percent.  'icing  the  estimated  14  percent  as  a  base, 
the  annual  inflation  rate  was  also  decreased  to  S  percent  in 
arriving  at  the  amount  of  change  in  total  transportation 
costs.  The  resulting  total  costs,  as  described  in  Tables 
3-8,  3-9  and  3-10,  indicated  that  a  20  percent  transporta¬ 
tion  cost,  inflation  factor  would  result  in  a  current  system 
cost  of  $3,890,977,  or  189  percent  greater  than  the  system 
being  proposed  using  20  foot  containers  and  $3,808,693,  or 
176  percent  greater  using  40  foot  containers.  In  using  an 
8  percent  inflation  factor,  the  resulting  cost  of  the  pres¬ 
ent  system  was  $1,247,296,  or  88  percent  greater  than  the 
proposed  system  using  20  foot  containers  and  $1,013,103,  or 
6l  percent  greater  using  40  foot  containers. 

Changes  in  Surface  Routing  Structure 

A  total  of  five  additional  surface  routes  were  con¬ 
sidered.  The  total  costs  tabulated  for  each  of  the  five 
surface  routes  were  used  in  comparison  with  the  estimated 
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TOTAL  COST:  8  PERCENT  INCREASE  IN  TRANSPORTATION  RATES 
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,651,  ^488 


total  cost  of  the  airlift  route  structure,  in  the  following 
manner . 

1 .  Xelly-Galveston-Rotterdam-Rhein-Main 

As  presented  in  Table  3-11,  the  resulting  cost  using 
the  current  route  structure  was  calculated  to  be  $2,321,549 
or  145  percent  greater  than  the  proposed  route  using  20  foot 
containers  and  $2,116,525  or  11?  percent  greater  than  when 
AO  foot  containers  are  used. 

2 .  Kelly-Charleston-Rotterdam-Rhein-Main 

Table  3-12  shows  that  the  total  cost  of  the  current 
route  would  be  $2,133,572  or  125  percent  more  than  the  pro¬ 
posed  route  when  20  foot  containers  are  used  and  $2,116,525 
or  117  percent  greater  than  when  the  use  of  40  foot  con¬ 
tainers  is  considered. 

3.  Kelly-Mew  0rleans-3rem.erhaven-Rhein-Main 

Resulting  costs  of  the  airlift  route  structure  were 
calculated  to  be  $2,142,796  or  120  percent  more  than  the 
proposed  route  using  20  foot  containers  and  $1,951,921  or 
99  percent  greater  using  40  foot  containers,  as  depicted  in 
Table  3-13. 

A .  Kelly-Charleston-Bremerhaven-Rhein-Main 

Table  3-14  describes  the  resulting  costs  associated 
with  this  routing  structure.  It  shows  that  the  engine  ship¬ 
ment  costs,  using  the  current  route,  would  be  $2,065,402 
or  111  percent  greater  than  the  proposed  system  when  using 
20  foot  containers.  If  40  foot  containers  are  used  for 
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SURFACE  TRANSPORTATION  SYSTEM 
TOTAL  COST:  20  FOOT  CONTAINER 
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602,031 


TOTAL  COST:  40  FOOT  CONTAINER 
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SURFACE  TRANSPORTATION  SYSTEM 
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,858,778 


TOTAL  COST:  40  FOOT  CONTAINER 


shipments  over  the  same  route,  a  cost  of  $1,916,914  would  be 
incurred  or  95  percent  greater  than  the  proposed  system. 

5 •  Kelly-Galveston-Bremerhaven-Rhein-Main 

The  results  in  Table  3-15  show  that  the  cost  for 
shipment  over  the  current  route  would  be  $2,204,508  or  128 
percent  more  than  the  proposed  route  using  20  foot  cargo  con¬ 
tainers  and  $1,984,151  or  102  percent  more  than  when  40  foot 
containers  are  used. 

Break-Bulk  Surface  Movement 

An  evaluation  of  the  costs  associated  with  break- 
bulk  versus  containerization  was  also  accomplished .  These 
costs  were  computed  using  the  six  previously  discussed  sur¬ 
face  routes  examined  in  this  study.  Figure  3-14  shows  the 
requirement  for  additional  engines.  Tables  3-16  through 
3-18  show  calculations  of  total  break-bulk  costs  for  each 
route.  Table  3-19  indicates  that  break-bulk  is  cheaper 
than  20  or  40  foot  container  systems.  These  results  will 
be  discussed  further  in  the  summary  and  in  Chapter  IV. 

Summary  of  Results 

The  final  results  obtained  from  this  study  clearly 
indicate  that  the  new  systems  being  proposed  will  be  more 
cost  effective  than  the  current  system  now  being  used.  Even 
with  the  acquisition  of  the  additional  C- 130-7  engines  to 
maintain  a  satisfactory  level  of  customer  service,  the  pro¬ 
posed  interw'dal  surface  transportation  systems  will  yield  a 
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Mode:  Break  Bulk 

Demand  =  26  engines  or  365/26  =  break 

Repairables  =  26  engines 

Demand  +  Repairables  =  52  engines  shipped  per  year 
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BREAK  BULK  VC>  CONTAINER 


cost  savings  of  136  percent  with  20  foot  containers  and  113 
percent  using  40  foot  containers.  The  break-even  analysis 
indicated  that  the  cumulative  costs  of  the  proposed  inter- 
modal  surface  transportation  systems  would  be  less  than  the 
current  air  transportation  system  in  4.4  years,  using  20 
foot  containers,  and  in  6.1  years  using  40  foot  containers. 

Sensitivity  analysis  was  performed  in  order  to  ana¬ 
lyze  the  effects  of  changing  the  transportation  rate  infla¬ 
tion  factor  used  in  calculating  the  transportation  costs 
of  the  current  and  proposed  systems.  When  an  equal  increase 
in  the  inflation  rate  percentage  was  applied,  the  cost  sav¬ 
ings  of  the  proposed  systems  appeared  to  be  greater  than 
the  base  14  percent  inflation  factor.  In  this  case,  a  20 
percent  increase  in  transportation  rates  was  used.  When  the 
transportation  rates  were  reduced  to  an  inflation  factor  of 
8  percent,  the  savings  appeared  to  be  minimized. 

When  the  surface  routing  structure  was  varied,  the 
total  transportation  costs  of  the  intermodal  systems  changed 
However,  in  each  of  the  six  routes  evaluated,  the  surface 
transportation  systems  produced  a  considerable  cost  savings 
over  the  currently  used  air  routing  structure. 

Changes  in  demand  also  resulted  in  a  positive  rela¬ 
tionship  to  savings.  A  comparison  between  break-bulk  and 
containerized  shipment,  using  surface  modes,  showed  that 
break-bulk  shipments  were  more  economical  than  containeri¬ 
zation.  However,  break-bulk  shipment  will  not  be 
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recommended  for  reasons  which  will  be  discussed  in  Chapter 


IV. 
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CHAPTER  IV 


CONCLUSIONS  AND  RECOMMENDATIONS 

Introduction 

Table  4-1  was  developed  to  illustrate  the  total  cost 
of  the  system  now  being  used  for  the  shipment  of  C-130-7 
engines  from  Kelly  AFB,  Texas,  to  Rhein-Main  AB,  Germany. 

It  also  presents  cost  comparisons  between  the  currently  used 
system  and  the  proposed  systems  that  involve  the  use  of  20 
foot  or  40  foot  containers.  These  results  clearly  show 
that  by  implementing  either  of  the  proposed  systems  in  1982, 
total  costs  would  be  less  relative  to  the  current  system. 

In  addition,  the  proposed  systems  include  an  increase  in 
Inventory  stock  levels  which  would  allow  for  readily  avail¬ 
able  assets  in  response  to  a  contingency  or  major  exercise. 

In  acquiring  the  specified  number  of  additional  engines,  the 
initial  cost  outlay  will  be  recovered  by  the  fifth  or  seventh 
year,  as  determined  by  the  use  of  break-even  analysis.  Any 
period  thereafter  will  produce  additional  savings. 

Concerning  the  subject  of  break-bulk  shipments,  the 
authors  strongly  feel  that  the  non-economic  advantages  real¬ 
ized  by  the  use  of  container  systems  far  outweigh  the  cost 
advantage  of  break-bulk  shippi'  •  found  in  this  research. 

Containers  are  widely  used  in  contrast  to  break-bulk 


117 


SUMMARY  OF  TOTAL  COST  BY 


3Y5TEX 


Air 


Initial  Demand  (26  engines) 

10%  Increase  in  Demand  (58  engines) 
12*  Decrease  in  Demand  (48  engines) 
20*o  Increase  in  Transport  Costs 
Q%  Increase  in  Transport  Costs 


53,924,180 

$4,375,092 

?  9  -90 

-  - - 

$5,953,702 

$2,664,591 


Surface 

20'  Containers 

No.  of 

Engines 

Added 

Initial  Demand  (26  engines) 

$1,665,068 

10 

10*  Increase  in  Demand  (58  engines) 

$1,342,673 

i  -t 

10*  Decrease  in  Demand  (48  engines) 

$1,605,112 

10 

20?  increase  in  Transport  Costs 

$2,062,725 

10 

8?  Increase  In  Transport  Costs 

$1,417,295 

10 

Surface 

4 0 ’  Containers 

No .  of 

Engines 

Added 

Initial  Demand  (26  engines) 

$1,840,520 

14 

10%  Increase  in  Demand  (58  engines) 

$1,997,728 

15 

10?  Decrease  in  Demand  (48  engines) 

$1,705,808 

13 

20?  Increase  in  Transport  Costs 

$2,145,009 

14 

8?  Increase  in  Transport  Costs 

$1,651,488 

14 
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shipments  in  international  distribution  of  various  commodi¬ 
ties,  especially  when  water  movements  are  part  of  the  trans¬ 
portation  network.  The  following  points  are  made  to  Justify 
the  use  of  intermodal  container  systems: 

1.  Containerized  loads  offer  a  decrease  in  port 
handling  time.  In  handling  the  C-130  engine,  on  an  individ¬ 
ual  basis,  there  is  a  decrease  in  environmental  protection, 
cargo  security,  and  flexibility  of  its  intramodal  potential. 
Further,  utilizing  the  container,  cost  reductions  in  han¬ 
dling  can  be  realized. 

2.  Containerization  offers  a  reduction  in  cargo 
turn-around  time.  In  reducing  the  amount  of  handling  time 
associated  with  containerization,  cargo  can  be  transferred 
to  other  modes  of  transportation  in  a  timely  and  efficient 
manner. 

3.  Containers  provide  temporary  storage  facilities. 
Containers  are  able  to  serve  as  temporary  storage  facili¬ 
ties  at  ports,  terminals  and  bases,  where  warehousing  space 
may  be  limited. 

4.  Reduction  in  the  number  of  orders  placed.  As 
indicated  by  this  study,  containerization  reduced  the  number 
of  orders  required  by  75  percent,  using  20  foot  containers, 
and  by  87.5  percent  using  40  foot  containers.  A  reduction 
in  cargo  documentation  will  be  experienced  because  the  con¬ 
tainer  becomes  a  single  item  in  the  system,  thus  requiring 
documentation  of  the  container,  instead  of  its  contents. 


119 


5.  Labor  costs  in  freight  handling  are  reduced  due 
to  the  increased  use  of  automated  material  handling  equip¬ 
ment  . 

6.  Finally,  containers  are  available  in  a  variety 
of  sizes,  many  of  which  are  standardized  for  intermoaal  use. 

It  should  be  noted  that  one  of  the  reasons  that 
break-bulk  shipping  had  less  total  costs  than  the  container 
modes  was  that  only  45  percent  of  the  available  container 
volume  is  used  when  transporting  engines.  Since  container 
tariff  rates  are  based  on  the  container  and  not  the  contents, 
low  utilization  results  in  a  high  transportation  cost  per 
engine.  It  is  recommended  that  studies  be  conducted  to 
develop  ways  to  put  mere  engines  in  each  container  in  order 
to  drive  down  the  transportation  cost  per  engine.  Th3 s  and 
other  recommendations  for  further  research  will  be  presented 
in  a  later  section. 

As  a  result  of  this  study,  the  use  of  20  foot  con¬ 
tainers  appears  to  be  more  economically  feasible  than  the 
40  foot  container.  While  the  actual  transportation  costs 
for  the  40  foot  container  is  somewhat  less  than  the  20  foot 
container's  transportation  costs,  acquisition  costs  neces¬ 
sary  in  obtaining  the  additional  engines  is  substantially 
more  when  the  40  foot  containers  are  used.  This  additional 
cost  should  be  weighed  against  the  advantages  of  having 
the  additional  engines  and  should  be  considered  before 
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making  any  major  decisions  between  the  use  of  either  type  of 
container . 


Recommendations  for  Further  Study 

The  forecasted  increase  in  transr  ~icr  ar.d  fu-‘. 
costs  will  impact  the  w ay  of  doing  business  and  leads  to 
the  need  for  reevaluating  all  phases  of  transportation  plan¬ 
ning  for  peace  time  and  for  mobilisation.  1  ,r  example, 
the  increased  use  of  containerization  procedures,  for  all 
commodities  of  cargo,  has  created  a  new  si-nation  that 
requires  further  research  in  determining  the  most  economical 
means  of  implementing  container  systems. 

Ir.  hopes  of  improving  the  efficiency  and  effective¬ 
ness  of  our  transportation  network,  the  authors  offer  a 
series  of  additional  recommendations  for  further  research. 

1.  It  is  recommended  that  a  feasibility  study  be 
done  in  the  design  and  development  of  racks  to  be  installed 
inside  the  containers  to  allow  stacking  capability  for 
engines  and  other  DOD  major  investment  type  items.  This 
will  allow  for  additional  engine  shipments,  at  no  additional 
cost  to  DOD.  It  is  noted  that  only  ^5  percent  of  each  con¬ 
tainer  is  presently  being  used. 

2.  A  limitation  that  may  affect  the  amount  of  sav¬ 
ings  is  the  cost  of  engine  damage  if  containerization  is 
used.  Since  the  proposed  system  is  not  in  use,  at  this  time, 
there  was  no  means  of  obtaining  cost-of-damage  data,  for  a 
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satisfactory  comparison  to  the  current  system.  Therefore, 
it  is  recommended  that  a  cost  study  be  done  to  determine 
damage  cost  data,  which  would  then  be  added  as  a  component 
to  the  total  cost  model  for  further  analysis. 

3.  An  area  of  concern,  which  may  assist  in  cutting 
excessive  transportation  and  fuel  costs,  * o  depot  level 
maintenance  to  be  performed  in  the  European  theater.  It  is 
recommended  that  a  feasibility  cost  study  be  done  on  the 
construction  of  consolidated  maintenance  facilities  in  over¬ 
seas  locations.  This  would  minimize  the  need  for  pipeline 
inventory  and  reduce  total  transportation  costs  to  an  abso¬ 
lute  minimum.  In  essence,  the  DOD  should  research  the  size 
of  the  overseas  maintenance  facilities  necessary  to  maximize 
economies  of  scale  while  providing  the  necessary  support 
required. 

4.  The  question  of  whether  to  lease  or  buy  the 
number  of  containers  necessary  to  support  the  shipment  of 
the  C-130  engines  from  CONUS  to  Europe  should  be  investi¬ 
gated.  A  cost  analysis  should  be  performed  in  determining 
the  total  cost  to  acquire  the  necessary  number  of  containers 
and  the  total  cost  of  leasing.  Break-even  analysis  should 
then  be  performed  in  determining  a  pay-off  factor  between 
the  two  concepts. 

5.  The  final  recommendation  for  further  research 
concerns  an  investigation  of  the  Impact  of  using  container 
systems  on  the  MAC  airlift  system.  That  is,  this  study  was 
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limited  to  an  economic  analysis  to  determine  the  least  total 
cost  system  of  moving  C-130-7  engines  between  the  CONUS  and 
Germany.  If  containerships  are  used,  there  will  be  less 
traffic  for  the  MAC  airlift  system  to  handle.  The  impact 
of  this  change  on  the  use  and  readiness  of  the  airlift  sys¬ 
tem  would  have  to  '■'e  investigated. 

Conclusion 

The  essence  of  this  research  involved  a  trade-off 
analysis  between  using  a  distribution  system  with  premium 
transportation  and  no  additional  inventory  versus  a  distri¬ 
bution  system  with  surface  transportation  and  additional 
inventory.  This  trade-off  analysis  is  generally  illustrated 
in  textbooks  as  shown  in  Figure  4-1  (6:31). 

However,  the  quantitative  analysis  conducted  as  part 
of  this  research  effort  indicates  the  shape  of  the  total 
cost  curves  to  be  more  like  those  shown  in  Figure  4-2.  This 
figure  Indicates  that  surface  transportation  systems,  coupled 
with  additional  levels  of  inventory,  result  in  lower  total 
costs  when  transportation  costs  increase  at  a  faster  rate 
than  general  prices. 

Based  on  the  results  of  this  study,  it  is  concluded 
that  the  proposed  system,  using  either  20  foot  or  40  foot 
containers,  would  be  more  economical  than  the  continued  use 
of  air  transportation  for  C-130-7  engine  movement  to  and 
from  Rhein-Main  AB,  Germany. 
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Fig.  4-1.  Distribution  System  Cost  Relationships 
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